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Ja ipur also known as Pink City is a popular tour is t 
p lace . It l ies between north la t i tudes 26°46 '30" :27"02" 
and longi tudes 75°35 ' :75°55 ' covering a geographica l area 
of 646 sq. kms. in the east central part of Rajashtan. 
The area exper iences rainy season during the months 
of June and September with an average of 65.63mm. 
During summers highest temperature goes upto 45°C and 
during winters lowest temperature is S^C. During major 
part of the year the aii:' isv generally dry. The re la t ive 
humidity is general ly over 60%. Climate here is semiarid 
with high evapo- t ransp i ra t ion ra te . 
It comprises almost flat plain land with c lus ters of 
sand dunes in the south-western part and a long rocky 
r idge. There is no major river or canal in the area. It is 
mainly drained by a Nal la known as Amanishah Nal la 
which jo ins Mendha River in the south at Sanganer block 
outside the urban l imits . There are two surface water 
bodies Ja lmahal and Tal Katora which are small water 
reservoirs only. 
Jaipur is an industr ial area hence most of its part is 
covered by commercia l bui ldings which have reduced the 
land area for agr icul ture . Soils are a l luvium sand, sil t , 
clay with some kankar. Total inf i l t rat ion rate in soils is 
17-18 cm/hour . 
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The area suffering from depletion of water levels and 
quality deterioration needs the water resources to be 
managed properly. Although recharge to groundwater is 
being done in the area by ponds and tanks and water 
harvesting schemes but there is still need of some other 
recharge schemes. 
Calcium content in water samples (141.08 ppm at Jal 
Mahal) was found to be higher than drinking water 
standards which may have adverse effects on human 
health. These high values may be due to return irrigation 
flow and use of calcium containing rocks. Magnesium (0-
286.47ppm) and sodium (17.39-600ppm) content was 
found within permissible limits. Higher values of 
potassium (0-40.76ppm) may be due to excessive use of 
fertilizers, weathering of potash silicate minerals, 
rainwater and returned irrigation flow. Sulfate content in 
ground water (14.41mg/l- 499.38mg/l)is also higher which 
may be due to sulfate minerals in sedimentary rocks and 
oxidation of sulfate from various soil amendments. Nitrate 
content in water samples of the area (642 &658 ppm) is 
extremely high which may cause chemical manifestations 
of diseases called methemoglobinemia in infants, cyanosis 
and damage of liver. The main sources of nitrate are 
leakage and seepage from sewerage system and soak pits, 
lacking solid waste disposal management, unlined drains, 
cattle excreta and excessive use of nitrate fertilizers. 
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Surface of the area is mostly covered by sedimentary 
rocks comprising of sand, silt, kankar and quartzite of 
recent to sub-recent age. Rocks below them are meta-
sediments consisting schist and gneisses with some 
migmatites of Bhilwara Super Group of Archean age. 
The Sedimentary rocks are of Delhi Super Group and 
are characterized by predominant joints. The greater part 
of the area is covered by alluvium and wind blown sand, 
which form the most important aquifers. The ground water 
availability in the area is controlled by hydro geological 
situations characterized by occurrence of alluvial 
formations and quartzitic hard rocks. 
The average yield of the wells in area varies from 
40,000 liters/day in quartzitic aquifers to 96,500 
liters/day in alluvial aquifers with average discharge of 
tube wells from 8.3 m^/day in quartzitic aquifers to 12.0 
m^/day in alluvial aquifers. The value of coefficient of 
transmissivity ranges from 22.0 m^/day to 179 
m'^/day.There is over-exploitation of groundwater of the 
magnitude of 51.44 mcm/year in the area which may lead 
to drying up of aquifers within two decades. 
The stage of groundwater development is 239% and 
the area experiences decline in water level at the tune of 
0.50 meter to 1.19 meter per year. The elevation of water 
level varies from 430 mamsl to 3.30 mamsl. Net annual 
recharge by rainfall is 36.97 mcm/year and net annual 
ground water draft is 88.03 mcm/year which results in (-) 
51.44 mem annual ground water balance. 
Fluoride contents in water samples (1.8&2.65 ppm) 
of the area was also found exceeding the limits which may 
be due to fluoride salts used in small and large scale 
industries, phosphate fertilizers and industrial 
wastes.Excessive intake of fluoride gives rise to mottled 
enamel of the teeth, skeletal fluorosis and sometimes 
osteosularosis. 
SAR values plotted on U.S. salinity diagram show 
that water of the area lies in C3S4, C4S2, C3S1 and C3S2 
classes of water and are of moderate quality. Piper 
trilinear diagram of the water samples suggests that water 
of the area is of sodium and magnesium type. 
Among trace elements iron content was found (12.95 
ppm) to be higher than permissible limits which may be 
attributed to anthropogenic sources. Copper content(0-
O.lTppm) was lower than desirable limits. Copper is an 
essential metal in human metabolism and hence low 
contents of copper is a great matter of concern. Chromium 
(0 mg/l to a maximum 0.082 mg/1), cobalt (0 ppm to 0.069 
ppm), manganese (0-0.97 ppm), nickel(0 to 0.018 ppm) and 
zinc(0-l .Ippm) are fairly distributed. Long-term exposure 
to cadmium in water is associated with kidney diseases as 
it was found to exceed the limits in some samples 
(0.005&0.008ppm). Other long-term effects are lung 
damage and fragile bones. Mercury concentrations in 
water samples (0.44ppm&0.37ppm) were also found to be 
high which may be due to seepage of industrial effluents. 
Intake of mercury can permanently damage brain, kidneys 
and developing foetus. 
Lead can affect almost every organ and system in 
human body. Lead contents in water samples (0.004-0.2 
ppm) were also found to be high. 
Based on the study of all parameters in the area 
following management options and controlling measures 
have been suggested. 
Sock pit system of sanitation must be abandoned as 
leakage from sock pits is a common phenomenon and is a 
major source of pollution. 
A proper sewerage system for disposal of waste in the 
area should be planned. 
Unlined drains carrying sewerage/effluents should be 
lined urgently. 
Nitrate fertilizers like urea may furnish significant 
quantum of nitrate constituents. Use of these fertilizers for 
gardening, etc. should be discouraged. 
Farm animals produce considerable amount of 
nitrogenous organic waste that tends to concentrate at place 
where large number of animals are confined. It is suggested 
that these dairy farms should be shifted to some other 
places. 
Plantation not only balances microenvironment system 
but also is likely to reduce pollution levels. Therefore 
plantation and vegetation should be encouraged. 
Artificial recharge schemes can be utilized for 
recharging groundwater as the water levels are declining 
rapidly in the area. 
All the ground water abstraction structures including 
hand pumps with high nitrate and fluoride concentration 
should be marked so as to avoid their utility for drinking 
purposes. 
Urban water suppliers should introduce dual water 
supply bringing fresh water supply schemes to the affected 
areas from other areas for drinking purposes. 
High nitrate and fluoride waters of the affected areas 
can be supplied separately for other domestic purposes like 
washing, cleaning, bathing etc. 
Alternative sources of fresh drinking water must be 
evaluated where water is free from pollution. 
Alternative matter of chemical dye used in dyeing 
industries can be replaced by such dyeing matter, which 
should not contain fluoride. 
Awareness among the public and other NGO's about 
the adverse effects of chemical contaminant should be 
encouraged. 
The public should be made aware of the importance of 
hygiene, the dangers of pollution, and benefits of 
environmental preservation. 
Available technologies for the treatment of water 
should be evaluated and cost effective and eco-friendly 
technologies be adopted. 
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CHAPTER-1 
EVTRODUCTION 
Water is the elixir of life; without it life is not possible 
and thus it is one of the essential commodity to the mankind. 
Although many environmental factors determine the density 
and distribution of vegetation, one of the most important is the 
amount of precipitation. Agriculture may flourish in some 
deserts but only with water, which may be pumped from the 
ground or imported from other areas. The largest available 
source of fresh water which lies underground is known as 
groundwater. Civilizations have flourished with the 
development of reliable water supplies and then collapsed 
when the water supply failed. Increased demands for water 
have compelled for the fudicean consumption and 
development of underground water. 
Water is clearly the single largest problem facing India 
today. Though the country was once upon a time categorized as 
a water rich society. In India the crisis in term of un-equitable 
distribution and severity affects one in three people. Since the 
population growing with rapid pace the use of water per person 
also raises with the result the demand for fresh water goes up. 
Years of rapid population growth and increasing water 
consumption for agriculture, industry, municipalities, and 
other areas have strained India fresh water resources. Nearly 
90% of the water required for irrigation is met from ground 
water resources. The rest 7 percent and 3 percent of country's 
water resources are spent on industrial and domestic uses 
respectively. 
Until quite recently, rural populations depended on 
surface water from lakes, ponds, wells and rivers, which 
exposed them to a variety of water related diseases. As United 
Nations Council for Education and Development (UNCED) 
estimates that 80% of all diseases and more than one third of 
deaths in developing countries are water associated 6000 
children die every week from water related diseases. Almost 
all these diseases result from pollution of water by human and 
animal wastes. Clean water and basic sanitation are closely 
interlinked yet 2.4-2.9 billions have no sanitation facilities. 
Recognizing that the surface water is exposed to microbial 
contamination, government sought to explore groundwater 
resources that could be accessed with hand pumps and tube 
wells. Reports till date indicate, in India more than 97% of 
villages receive water from ground water resources. 
The shift from surface to groundwater has undoubtedly 
reduced the risk of microbial contamination despite the fact 
that most water remains untreated. However, this shift has 
given rise to another set of problems. In some parts of the 
region, groundwater is contaminated with chemicals that are 
harmful to health. The increasing water scarcity, combined 
with its deteriorating quality, will have far reaching global 
impacts on human health, socio-economic development 
potential of affected countries, fresh water and marine 
resources and biodiversity. Symptoms of arsenic poisoning 
were reported first in 1987 in West Bengal. It has been 
reported that the population at risk from arsenic contamination 
in India is 5.3 million. 
In dry zones in India, and Srilanka, the number of people 
exposed to and endangered by exposure to fluoride exceeds 65 
millions. Nitrate is another wide spread health hazard that in 
near future may be a cause for a major health problem in the 
society. 
In many developed countries disposal of industrial and 
municipal waste containing hydrocarbons, pesticides, 
radionuclides, organic solvents and metals has resulted in the 
contamination of ground water. Agricultural practices have 
also resulted in degradation of ground and surface water, due 
to excessive use of fertilizers and insecticides. 
While there is great cause for concern over the amount of 
groundwater contamination, it has been pointed out that 
perhaps only one or two percent of the available ground -
water resource has been contaminated. Yet, the areas where 
contamination has occurred are frequently the areas of more 
concentrated population, where the water requirment is 
optimum. This brings us to the areas where hydro geologists 
can make the most significant impact and greatest contribution 
to society in the industrialized nations: proper siting, design 
and construction of land disposal facilities so as to avoid 
future ground - water contamination and restoration of water 
quality in aquifers that have been contaminated. 
Even apart from drinking, water is required for basic 
hygiene and for this reason clean drinking water programme 
must maintain one strike be combined with sanitation 
programme also. It must be free from contamination at 
acceptable level and should be available continuously at an 
affordable price to meet normal needs. 
This will be possible only if water quality is monitored to 
insure that water resources are managed fairly, that 
contaminants are detected and controlled before causing harm, 
environmental deterioration is identified and prevented to 
reverse the growing crisis. To meet the entire world's need for 
clean water and sanitation would cost an estimated additional $ 
9 billion per year. 
In the present study related to Water status, quality 
development and augmentation of water resources in urban 
limits of Jaipur, Rajasthan every aspect of groundwater 
hydrology has been measured with intense care. The study 
involves groundwater level measurement through piezometers 
located in the study area and measuring the water level 
fluctuation, occurrence of ground water, movement of ground 
water, ground water quality by measuring different chemical 
constituents dissolved in it, estimation of recharge and 
discharge and overall management option in regards to 
problems of over-exploitation and quality degradation. 
Jaipur, the capital city of Rajasthan, is growing rapidly 
and hence it is of great importance to study various 
hydrological parameters in the area, which is done by studying 
the geology and hydrogeology of the area. All the water 
resource in the area were analysed and collection of samples 
was done from the entire area in different monsoons, and 
measuring the water levels. The results thus obtained are 
described in the forecoming chapters. 
^ 1 ^ ^ ' ' 
Water plays a decisive and crucial role in the growth and 
location of settlements. The demand for water has been rising 
in the urban centre not only due to the accelerated growth in 
the economic activities and social needs. In the long run this 
rapacious exploration is bound to end up in an ecological crisis 
if the required pre - equipitive measures are not taken. 
This study was conducted to evaluate options for 
sustainable management of land and water resources on the one 
hand and adoption of sustainable and safe abstraction of 
groundwater resources on the other hand. 
Study Area: 
Jaipur, the capital city of Rajasthan state, popularly 
known, as "Pink City" is one of the fastest growing cities in 
the country. This famous city has earned universal renown as 
the "Pink City" from beautiful pink palaces, havellis and forts. 
Jaipur is a tourist paradise with exquisite gold and 
enameled jewellery with polished precious stones, the 
internationally famous blue pottery in a tempting array of sizes 
and shapes, the carving of wood, ivory and marble statue. The 
city is a centre of unique and sophisticated culture, a culture 
that speaks volumes of Jaipur citizens, aesthetic sense and 
wealth. Jaipur vibrates with life and colour; the streets are 
thronged with people during two very colorful festivals 
Gangaur and Teej. 
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The main places of interest for tourists are City Palace 
where rulers have lived and is presently museum, Hawa Mahal, 
which is constructed without any foundation with lots of airy 
windows, Jantar Mantar which was constructed for 
astronomical calculations. Central Museum, Amber Palace and 
Nahagarh Fort. There are a few additions to this list like Birla 
Mandir, Birla Planetarium, Galtaji, Ram Niwas Bagh, Ishar 
Lat, Gaitor and Ganesh Mandir. 
Locations and Aerial Extent: 
Jaipur city lies between north latitudes 26°46'30": 
27°02' and between longitude 75°35' and 75°55' in the east -
central part of Rajasthan state (Fig-1). The area is covered by 
survey of India Toposheet No. 45M and 45N, 54B. It is 160 
metres above mean sea level. It covers a geographical area of 
646 sq. kms. Covering 12% area of Amer Block, 45.5% of 
Jhotwara Block and 42.5% of Sanganer Block. 
The modern city has grown quite rapidly outside its walls 
with new buildings, shopping centres, stadiums, parks and 
gardens etc. 
Communications: 
Jaipur is east - centrally located in the Rajasthan state 
and conveyance here is easily approachable. It is 262 km. by 
road from Delhi the national capital. It is connected to Agra, 
Delhi and Ajmer by national highways and with all other cities 
by Road. It has a large network of railways also (Fig.2). 
Jaipur is 283 Kms. away from Aligarh by road, through 
Mathura, Bharatpur and Dausa. 
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Historical Prospects: 
The plains of Rajasthan of which Jaipur is the capital 
once thundered and echoed with clash of swords and the drums 
of wars. Sawai Jai Singh - II the prince founded Jaipur in 
1727. Jaipur was the first planned city of its time (the earlier 
planned city in northern India having been built near Taxila 
sometimes in the 2"^ century. B.C.) 
Vidhyadhar Bhattacharya a young Bengali architect 
according to the principles laid down in "Shilpa Shashtra" the 
epochal Hindu treatise on architecture, tempering it with the 
sublimity of Moughal and Jain influences of times, planned 
Jaipur. 
The entire city conforms to the traditional walled city 
concept with its encircling crenullated wall and splendid nine 
entry gates and is divided into nine rectangular blocks known 
as chowkaris. The grid system with wide straight avenues. 
embellished with fairy work of domes, corbel lined with 
carved lattice places, roads, streets, lanes and uniform rows of 
shops on either side of the main bazaars and mansions washed 
in bright pink offer a delightful spectacle, the city itself is an 
attractive creation worthy of universal admiration. 
Population: 
The population of area is rapidly increasing. 
According to 2001 census data the total population of urban 
area is 2,4,86,942 while it was 14,58,482 in 1991. The 
population of urban area has grown 10,28,460 in 10 years 
aving density of 3850 persons per sq. km. 
Population of the area in year 2005 was 3,0,01,165. Total 
literacy rate here is 78,23% with 82.36% in males and 76.42% 
in females. Total population of the area localitywise is given 
in table (Table-I). 
Table-I: Populat 
Rural 
Urban 
Total 
Male 
296067 
1292892 
1321559 
ion Of The Area 
Female 
273321 
1138885 
1412206 
Total 
569388 
2431777 
3001165 
Source - Statistics Department Jaipur 
Table - 11: Household Animal Population 
Animals 
Cows and oxes 
Buffaloes 
Sheeps 
Goats 
Horses 
Donkeys 
Camels 
Rabbits 
Pigs 
Ducks 
Hens / Cocks 
Number 
44149 
767065 
361759 
693741 
3090 
8324 
43594 
1132 
34082 
327 
126182 
Source - Statistics Department Jaipur. 
Except this there are 83 fisheries in total in the area, 
which produce fishes like major carp, catfish, minor carp 
(Table -III) . 
Table-Ill: Fish Types In The Area 
Fish type 
Major carp 
Cat fish 
Minor carp 
Production (legs.) 
121830.5 
22150 
39696.8 
Source - Statistics Department Jaipur 
Previous Work: 
The G.S.I, and the Central Ground Water Board have 
completed systematic hydro geological survey of the entire 
Jaipur district during 2001 - 2002. 
Ground water exploration of the alluvial terrain has been 
completed by C.G.W.B. during 1979 - 83, 1986 - 87 and 1991 
- 93 and by G.S.I, during 1969 - 71. 
For long term monitoring of water levels, G.S.I, initially 
established hydrograph stations the water levels on these 
stations were monitored by G.S.I, during 1969 and 1972, and 
since 1973 water levels on these stations are being monitored 
by C.G.W.B. At a later stage number of hydrograph stations 
have been increased in a phased manner. 
Hydrometeorology: 
Hydrometeorological data are required to determine the 
water balance of a basin for developing and managing its water 
resources. The most useful hydrometeorological elements are 
precipitation, evaporation, evapotranspiration, solar radiations, 
temperature and humidity, soil moisture, water levels (surface 
and underground), stream discharge, water quality etc. 
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Rainfall can be measured by a network of non-recording 
and recording rain gauge, which gives the amount of 
precipitation in the area during certain period of rain. 
In the area rainy season usually sets between June and 
September. The normal annual rainfall of the area is 656.63mm 
for the period of 1975-2004. The m.ean annual rainfall recorded 
at Sanganer, Amer and Jaipur rain gauge stations was 584, 
676.50 and 639.50mm respectively between periods of 1970-
2003. (Table-XXXIII) 
Climate: 
Climate is an important factor, which influences to a 
great extent the microclimate of an urban area. Higher 
temperatures are observed in urban settlements than rural 
settlements due to alteration of space, which atleds the heat 
balance of an urban settlement, leading to higher thermal 
discomfort. Industrial land use should not be sited in the 
windward side to the existing or proposed settlements. The 
classification is based on the distance from windward side 
from the sources of pollution. The ranking criterion is based 
on incidence of development from maximum to minimum. 
The climate of any place plays a vital role in creating 
comfort conditions and for the dispersal of pollution provided 
the activity pattern are managed in a harmonious manner, on 
the other side, it may cause number of environmental problems 
if activities like industries are located on the predominant 
wind direction and close to residential, commercial and 
environmentally sensitive areas. 
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Problems like bronchitis, asthama, eye burning and skin 
diseases can be observed. Decay of the vegetation cover and 
degradation of aesthatic value of ancient monuments can be 
experienced. 
The five parameters of the climate are temperature, 
rainfall, humidity, cloudiness and wind of the four seasons, as 
follows: 
Temperature: 
Temperature of Jaipur is extreme with hot humid 
summers and chilly winters. Maximum temperature during the 
summer (from March / April-June) reaches as high as 45°C. On 
the other hand winters have sunny pleasant days and bitterly 
cold nights and temperature can touch as low as 5 °C, whereas 
the mean daily minimum temperature is highest (27.3°C) in 
June. The mean daily minimum temperature is lowest in 
January (8.3°C). 
Relative Humidity: 
The air is generally dry during the major part of the year. 
However, during southwest monsoon period (July 
September.), the relative humidity is generally over 60% and 
during summer months, it is as low as 20%. 
Evapo-transpiration: 
As characteristic of semiarid climate, the rate of potential 
evapo-transpiration is high in the city area. It is highest in the 
month of May (Average 250 mm) and lowest (60mm) in the 
month of December. 
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Winds: 
The city by and large experiences light to moderate winds 
during major part of the year. However, winds become 
relatively stronger in summer as well as during the monsoon 
period. It is highest (17.8 km / hour) in June and lowest (7.6 
km / hour) in November. 
Physiography: 
Physiography plays a vital role in determining the 
environmental quality of any region. The Aravalli ranges 
which provide Jaipur a distinct physiographic character that 
makes it an ecologically sensitive area from environmental 
point of view. 
The Jaipur area comprises almost flat plain land with 
clusters of sand dunes in the south-western part and a long 
rocky ridge extending roughly from north - north east to south 
- south west. The plains on either side of this ridge slope away 
from it. 
One of the highest spur supports is the Amer Fort (3618 
mamsl). The ridge runs in southwestern direction with its 
surface gradually rising from Nahargarh fort to the Jhalana 
Bani. 
Surface Water and Drainage: 
River is a major environmental resource and an amenity. 
At the moment when the river becomes inaccesable to the 
population and does not serve as a recreational amenity, a 
separate master plan considering the ecological and landscape 
value of the river needs to be prepared. 
14 
IT 
0' 
5 5 ' -
26° 
50' 
75°40' 45' 
N 
1 
Legend 
O Hills 
50' 
• Location 
JL 
Km. 
7T40^ 45' 50' 
75:55' 
IT 
0' 
•55-
26° 
50-
2 4 6 S 
I ( f - J 
75°55' 
Source. C.aW.B.W.R.D.O. No.5912«9 
Fig. 3 Drainage Pattern 
15 
The Jaipur urban area comprises no major river or canal 
within its agglomerate (Fig,3). It is mainly drained by a Nalla 
named Amanishah Nalla from north to south, which meets to 
the Mendha River in the south at Sanganer block outside the 
urban area. The Mendha River is also ephemeral in nature and 
flows only in monsoon period. There are some surface water 
bodies in the area like Jal Mahal Tal Katora, which are 
insignificant from the drinking water point of view. 
Land Utilization Data: 
The Jaipur urban area comprises 646 sq. kms. of 
geographical area which covers 12% of Amber Block 42.5% of 
Sanganer Block and 45.5% of Jhotwara Block. Increasing 
industrialization has reduced the land area for agriculture and 
the area is mainly being used for construction of industries, 
aveneues, halls, flats. Bungalow, residential houses, 
multistoreyed buidings, offices etc. 
Soil Characteristics: 
The soil in Jaipur is alluvium sand, silt, clay with some 
kankars of fluvial and fluvio - aeolian nature. It has good 
porosity and permeability. Total infiltration rate in soils is 17-
18cm/hour. The soil used for agricultural activities gives good 
crop results in bajra, kapas, jwar, and genhu combined with the 
hydrogeological conditions. 
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CHAPTER - 2 
METHODS AND TECHNIQUES 
Water samples were collected from the Jaipur urban area 
from representative sampling stations. 25 samples were 
collected during post monsoon period in December 2003, 42 
samples were collected during pre monsoon in May 2004 and 
42 samples were again collected during post monsoon in Dec -
2004 from the different ground water structures during the 
present study from different locations in the study area (Fig.4 
A, B, C) 
Water Sampling Procedure: 
Sampling is one of the most important and foremost steps 
in collection of representative water sample for water quality 
studies during the sampling programme. Information regarding 
the nature of area including irrigation and industries were also 
collected. Polythene bottles of one litre capacity, soaked in 
acid and rinsed with distilled water were used for the 
collection of water samples for the major ion chemistry and 
other polythene bottles of one litre capacity which were also 
soaked in acid and rinsed with distilled water were used for 
the collection of ground water and acidified for preservation of 
trace elements with 10 ml. 6 N HNO3 for the determination of 
trace elements following the water quality guidelines APHA 
1992. 
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The samples were collected from the ground water 
sources like dugwells, tubewells and hand pumps present in the 
area. For the collection of water samples from the dugwells 
and open wells rope was used to extract water. Prior to 
transferring the water samples, the bottle was rinsed 
thoroughly with the water to be sampled. The following 
precautions were taken into account in the selection of 
localities for the collection of ground water samples: -
1. The sample must be colleted from the important location 
of the area. 
2. Localities chosen should cover the area entirely. 
3. Localities selected should be equitably distributed. 
4. The sample collected has to be true representative of the 
water body. 
5. The localities should entirely represent the aquifers. 
Methods of Analysis: 
The water samples for major ion contents were analysed 
as per the standard methods of APHA (1992) and Trivedi and 
Goel (1984) in the Geochemistry Laboratory A.M.U. Aligarh 
for trace elements, all water samples were concentrated at low 
heat in laboratory. The water samples for common cations, 
anions and trace metal contents were filtered through 0.45 |xm 
membrane filters and 500 ml of the filtered samples were 
acidified with 10 ml 6N HNO3 (analytical grade HNO3) before 
the concentration using evaporation methods (Parker 1972). 
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The concentrated samples were anlaysed for trace metal 
concentration by atomic absorption spectrophotometer (AAS) 
(Perkin Elmer, AA Analyst 800) in the biochemistry laboratory 
of I.I.T. Delhi. 
A blank sample was made for each spectrophotometer 
analysis to account for any analytical and instrumental errors. 
Nitrate and fluoride contents were estimated through 
turbidimetric, phenol disulphonic and alizarin methods 
respectively using spectrophotometer. The name of the 
different instruments/ equipments and their respective use in 
water analysis are listed below (Das 1983) 
Name of the instrument Parameters Determined 
1. pH meter pH of the water samples 
2. Conductivity bridge Electrical Conductivity of the 
water samples 
3. Flame Photometer Alkali metals 
4. Atomic absorption spectrophotometer Almost all metals. 
5. Emission spectrograph Semi quantitative and quantitative 
determination of samples 
6. Mass spectrometer Gas content of water, inorganic 
gases, volatile inorganic 
impurities 
7. Neutron Activation Analyser Analysis of trace quantity of 
pollutants 
8. X-ray flourescence - do -
9. Total organic carbon analyzer Organic carbon 
10. D. O. meter Dissolved oxygen of the water 
11. Turbidity meter Turbidity of the water samples 
12. Incubator D. O. meter B. O. D. 
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13. Spectrophotometer NO3 and F content of the 
water samples 
14. Specific ion meter with etectrodes CI, pH, F, NO3, metal & non-
metals etc. 
15. Polarograph Metallic ions specially in trade 
effluents. 
16. Flourimeter Flourescent substances 
17. Gas chromatograph Dissolved gases, pesticides, 
organic compounds etc. 
pH Determination of Water: 
pH of water is normally determined electrometrically 
using pH meter with glass and reference electrodes. 
Reagent : 
Buffer solutions of pH 4, 7 and 9 were prepared form the 
respective buffer tablets. 
Procedure: 
Electrodes are connected with the pH meter. It is then 
connected with mains with switch for 10 minutes. The 
temperature of the buffer solution is noted and the instrument 
is setted to that temperature. The instrument is standardized 
immersing the electrodes in respective buffer solution. 
Standardization should be carried out either at pH 7 and 4 or 
pH 7 and 9 depending upon the acidic or alkaline character of 
water sample to be measured and then buffer solution, is 
removed electrode are washed with dist i l led water and finally 
with water whose pH is to be determined. 
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The electrodes are immersed in the sample and the pH value is 
measured. When the determinations over, the electrodes are 
washed thoroughly, and immersed in distilled water. 
Determination of Electrical Conductivity in Water: 
Electrical conductivity is a measurement of water's 
capacity for conveying water current and is directly related to 
the concentration of ionized substance in the water. It is the 
measure of the mineralization and indicative of the salinity of 
ground water. The E.G. of the water was measured with HACH 
model DR-EL/4 conductivity meter. 
The electrical conductivity with 400 micro mhos/cm at 
25°C is considered suitable for human consumption. 
Determination of Total Dissolved Solids in Water: 
Total dissolved solids in the water are measure of 
tendency of water to dissolve the solid content and the amount 
of total dissolved solids directly depends on the electrical 
conductivity of the water. Thus T.D.S. were computed by 
multiplying the E.G. by the conversion factor 0.65 (ranging 
from 0.55 to 0.75) as suggested by Hem (1991). 
Atomic Absorption Spectrophotometer: 
Magnesium, calcium, iron, copper, manganese, zinc, 
cadmium, chromium, nickel, lead, mercury, cobalt and arsenic 
were determined by atomic absorption spectrophotometer 
(Perkin Elmer, AA Analyst 800). 
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All metal contents were determined in filtered and 
acidified water samples. Various metals contents were 
determined by taking hollow cathode lamps. 
Atomic absorption spectrophotometer is almost similar to 
flame emission photometer in which water sample is sprayed 
into air acetylene flame in order to excite the spectral lines of 
desired element. Flame photometer however measures the 
amount of light emitted whereas in digital atomic absorption 
spectrophotometer a light beam is directed through the flame 
into a monochromater on to a detector that measures the 
amount of light absorbed. In many instances absorption is 
more sensitive because it depends upon the presence of free 
unexcited atoms and generally the ratio of unexcited atoms at a 
given moment is very high. As the wave length of light beam 
is characteristic of only the metal being determined, the light 
energy absorbed by the flame is a measure of concentration of 
the metal in the sample. 
Simplicity, sensitivity, specificity and other numerous 
advantages have caused this instrument to be adopted as a 
standard analytical method for routine determination of major 
and minor trace metals in water samples and soil sediments. 
However, chemical interferencs give some trouble in atomic 
absorption of metal atoms bound in molecular combination in 
the flame phenomenon. The chemical interference may occur 
when the flame is not sufficiently hot to dissociate the 
molecule, as the case of phosphate interference with 
magnesium. Addition of lanthanum will overcome the 
phosphate interference in magnesium and calcium 
determinations. 
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Appratus: 
Atomic Absorption Spectrophotometer: 
Atomic absorption spectro photometer is having a source 
of energy, an automizer burner system, a manochromater and a 
detector. The source of energy is a mixture of air and 
acetylene gas of a determined ratio. 
Glassware: 
All glasswares should be washed with detergent, rinsed 
with hydrochloric acid (HCl), tap water and deionised distilled 
water simultaneously. 
Burner: 
The burner recommended by particular instrument 
manufacturer should be used. Nitrous oxide burner is required 
for some trace elements. 
Analytical Procedure: 
According to metal concentration, the hollow cathode 
lamps for chemical analysis are selected the lamp is allowed to 
warm for minimum fifteen minutes. The position of 
monochromator slit width and the hollow cathode lamp is 
adjusted simultaneously the burner and nebulizer flow rate are 
adjusted for maximum percent absorption and stability and 
photometer is balanced. The flame is lighted and regulates the 
flow of fuel and oxidant is regulated. A series of standards of 
metals are runned under chemical analysis. 
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Computerized values of metal concentration are printed on 
paper sheet automatically. It is therefore, important to run 
standards each time for a sample or series of samples. 
Concentration of all trace metals has been calculated in 
milligram / litre or parts per million (ppm) in water samples 
using the following formula. 
. , „ Sample absorbance X concenration of standard 
Mg/1 = 
standard absorbance 
Scope and Application: 
l )The method is simple, rapid and applicable to a large 
number of metals in surface water, ground water, 
domestic and industrial wastes, saline and alkali soils. 
Metal contents are readily determined by atomic 
absorption spectrophotometer. 
2) Detection limit, sensitivity and optimum range of the 
metals will vary with various models of atomic 
absorption spectrophotometers. 
3) Concentration shown below may be extended much lower 
with scale expansion and conversely upwards by using a 
less sensitive wavelength. Detection limits may also be 
extended through the concentration of the sample or 
through solvent extraction techniques. 
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CHAPTER-3 
GEOLOGY OF THE AREA 
Geology of the Region: 
The geology of the region has been surveyed many times 
by various geologists. The basement rock of the region is 
formed by Bhilwara Super Group of rocks. Which consists of 
gneiss, schist and migmatites. Rocks of Delhi Super Group of 
Proterozoic age unconformably overlie these rocks. Delhi 
Super Group consists of schists, phyllites, quarizites, and 
conglomerates. Among different types of geological 
formations, rocks of Delhi Super Group occupy the maximum 
area in the region and these form high relief in northern and 
eastern and northeastern part of the district. Delhi Super Group 
is made up of Raialos, Alwar and Ajabgarh Groups. Almost the 
entire Jaipur district, except for the area in southern and 
south-western part is underlained by recent to sub recent 
sediments with thickness reaching upto maximum of 100m 
except for small outcrops of quartzite. This alluvium 
consisting of sand, silt, clay and kankar is unconformably 
deposited over Delhi Super Group of rocks. Gravel is mainly 
found in abandoned, buried river course, kankar is found all 
over the district mixed with other sediments. The blown sand, 
which is found in the entire district, is represented by 
established and drifting sand dunes. 
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The post - Delhi intrusives are amphibolites, granite 
and pegmatite and vein quartz. Amphibolite occurs as intrusive 
in quartzose and schistose rocks. 
Rocks of different age groups of the district are tectonically 
deformed as evidenced by numerous faults, folds, joints and 
fractures. 
Geology Of The Jaipur Urban: 
The rocks, which make up the surface at Jaipur city, are 
pre-dominantly sedimentary which comprises of sand, silt, 
kankars, quartzites etc and are recent to sub-recent in age 
while the rocks below them are metasediments, which are 
schists and gneisses mainly with some migmatites. The Delhi 
Super Group, which unconformably overlies the Bhilwara 
Super Group of Archean age, forms the basement in the area. 
The area is represented by the Alwar Series of rocks, which 
overlies the Raialo Series and is characterized by presence of 
ridges almost all around the city. Quartzites and mica schist 
with migmatite intrusives represent Alwar series of the Delhi 
Group. This series is predominated by the quartzites and forms 
the high concentration in the north - northeast, south -
southwest and east - west. The predominant joint directions 
are NNE - SSW, NNW - SSE and east - west and dipping at 
various angles right upto 90 degrees. The quartzites are close 
textured, thickly bedded and devoid of interstitial spaces. 
These are white, pale grey or pale pinkish purple with reddish 
brown shades depending upon the amount of iron oxides 
coating over the constituent grains. 
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The minerals of some economic significance in the ridge 
are barytes, feldspars, quartzites, copper and calcite, clay 
building stones and limestones. 
The government due to environmental degradation has stopped 
heavy mining and quarrying activity in the area. 
The greater part of the area is covered by alluvium and 
wind blown sand, which forms the most important aquifer, and 
the aquifer materials are mainly fine sand and silt (Fig.5). 
However, in some places gravel also occur as aquifer. 
It has been observed that kankar (calc concretion) occurs 
all over the alluvial terrain of the district as in most of ihe 
boreholes kankar has been encountered. The presence of the 
secondary calcareous material reduces the porosity of the 
formation to certain extent. In places where sticky clay is 
absent there is every possibility of collapsing potential 
granular formation. 
The groundwater availability in the area is controlled by 
hydrogelogical situations characterized by occurrence of 
alluvial formations and quartzitic hard rocks. The 
hydrogeological set-up and the ground-water occurrence is 
further influenced by the following distinct physiographic 
units: 
1. Alluvial plain which occurs almost in the entire area 
2. Ridges which are present mostly in the eastern part 
of area 
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The general stratigraphical succession of the rock formations 
in the area is as follows: 
Table -IV: Geological Succession Of The Area 
Era 
Quaternary 
Proterozoic 
Archean 
Period - Series 
Newer Alluvium 
Older Alluvium 
Alwar Group 
Bhilwara Super Group 
Lithology 
Well-sorted and rounded 
unconsolidated blown sand in 
the form of sand dimes. 
Unconsolidated sediments of 
variable thickness consisting 
mainly of sand, silt clay and 
kankar 
Thickly laminated, well 
stratified arenaceous quartzites 
mainly micaceous and 
fiirrugineous quartzite with 
schist. 
Metamorphosed sediments 
schists, gneisses, migmatites 
etc. 
Bhilwara Super Group: 
Bhilwara Super Group of the rock is the oldest rock 
followed by Delhi Super Group rocks. Quaternary deposits in 
the major part of the area cover these consolidated rocks. 
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The rocks of Bhilwara Super Group, which are mainly 
metamorphosed sediments, comprise of gneisses and schist of 
Archean age. These rocks are made up of alternate bands or 
layers of granite and biotite gneiss. These occasionally occur 
in the form of pure-granite gneiss or simple granite. As this 
forms the basement there is no exposure of the Bhilwara Super 
Group in the Jaipur urban agglomerate. During the process of 
borehole drilling basement rocks encountered are schists, 
gneisses and migmatites. The exposures of the rocks of 
Bhilwara Super Group can be seen in the Sawai Madhopur 
area, Harmada and Hathroi. 
Alwar Group: 
The rocks of Alwar Group are separated form the rocks 
of Bhilwara Super Group by a distinct unconformity. The rocks 
belonging to the Alwar Group are made up of mainly 
arenaceous materials and constitute a very thick column of 
sediments and predominantly comprise of orthoquartzite, 
micaceous quartzite and ferrugineous quartzite with 
subordinate bands of quartz-sericite schist and quartz biotite-
schist which are distinctly folded as a result of metamorphism. 
In the Jaipur urban area rocks of Alwar Group lie directly over 
the metamorphites of Bhilwara Super Group. 
These are exposed as high ridges near Harmada, Samod, 
Amber, Until, Jobner and near Bairath in Jaipur. Quartzites are 
also exposed in the northeastern fringe. From north of Jaipur 
city a long but discontinuous ridge of quartzite extends right 
upto Satpura. Quartzites are commonly grey but are also found 
in different colours such as fawn buff and white. 
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The rocks of Alwar Group show various joints as their 
structural features. These joint are very prominent and are 
found mostly in all exposures the joints are strike joints, 
bedding joints, and dip joints. 
Alluvial Deposits: 
The alluvial deposits of quaternary age are mainly 
composed of unconsolidated clay, silt, sand and kankars. 
Gravel is found at depths in association with other sediments. 
The alluvial formation is further divided into: 
I). The newer alluvium belonging to recent age and refers to 
the sediment deposited by blowing sand found in the 
entire area represented by established and drifting sand 
dunes. The blown sand is mixed with silt and in some 
places with little clay. It has high porosity and 
permeability. 
II). Older alluvium are sediments deposited as a result of past 
cycles of sedimentation of Pleistocene age and occur 
extensively in the alluvial plains of the area. This is 
comprised of inter bedded, lenticular, and interfingering 
deposits of clay, silt and sand, ranging in size from very 
fine to coarse with gravels which are found at depths. 
The kankar or secondary carbonates of lime occurs with 
clay, silt deposits and sometimes as hard / compact pans. 
Older alluvium is clayey in nature consisting of sand, silt 
and kankars upto a maximum thickness of 99m. 
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Sub-Surface Configuration: 
The exploratory drilling undertaken has brought out the 
sub-surface configuration of rock-formations and depth to 
bedrock in different parts of Jaipur. The nature of bedrock 
topography is rendered uneven due to existence of sub-surface 
ridges. Thickness of alluvium overlying the quartzites 
increases away from the outcrops. 
An attempt has been made to interpret the sub-surface 
geological condition in the alluvial terrain of the area based of 
the data collected from the drilling of exploratory boreholes. 
Data related to bedrock encountered in the exploratory 
and piezometer boreholes drilled by C.G.W.B. in the area have 
been given in the table. (Table-XXXIV & Fig.8). Maps 
showing locations of exploratory and piezometer boreholes, 
thickness of alluvium and altitude of bedrock have been drawn 
(Fig.6 and Fig.8 & Fig.9). 
Minimum thickness of alluvium is encountered in the 
Harmada area, which is about 15.50 metres below ground 
level. In Jaipur urban area places having thickness of alluvium 
less than 60 metres are Harmada (15.50m), Sukhpuriya 
(40.98m), Bandikui (51.70m). 
Exact layering of subsurface rocks present in the area can 
be known by preparing lithological logs of the borehole. 
Lithological logs of some bore holes drilled in the area are 
prepared and are given in table (Table-XXXIV). 
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Table-V: Altitude And Depth To Bedrock In Bore Holes In 
Jaipur Urban 
S.No 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Location 
Jhotwara 
Sukhpuriya 
Bandikui 
Bajaj Nagar 
Achrol 
Jyoti Nagar 
Nangal Jaisabohran 
Sanganer 
Mohana 
O.T.S. 
Ambabari 
Hermada 
Vidhyadhar nager 
Army contt 
Type of borehole 
Pz 
Pz 
Pz 
D.W. 
T.W. 
D.W. 
T.W. 
T.W. 
E.W. 
Pz 
T.W. 
E.W. 
Pz 
Pz 
Depth to bed rock (mbgl) 
84.0 
40.98 
51.70 
86.0 
64.52 
70.65 
77.40 
61.28 
65.60 
70.18 
99.37 
15.50 
89.0 
68.8 
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CHAPTER -4 
HYDROGEOLOGY AND WATER RESOURCES OF THE 
AREA 
Geological setting essentially controls the 
hydrogeological framework of any area as ground water occurs 
in permeable geologic formation known as aquifer, that is 
formations having structures that permit appreciable water to 
move through them under ordinary field conditions. 
Ground water condition of the Jaipur urban area is 
revealed by data generated from hydrogeological surveys, 
exploratory drillings. 
It is revealed that unconsolidated quarternary formations 
form the principal potential aquifer in the area that mainly 
consists of fine sand and silt. These sediments are fluvial, 
fluvio-aeolion and aeolian in origin. However at some places 
(e.g. Ambabari and Bajaj Nagar) gravel formation also occur 
in association with fine sand. It has been observed that kankar 
occur within alluvium all over the area and presence of 
secondary calcareous material reduces the porosity of the 
formation to a large extent. Talus and scree deposits near 
foothills also serve as aquifers at places. 
The hydrogeological cross-section (Fig.7), which runs 
from north to south i.e. from Harmada to Sanganer, depicts the 
hydro-geological condition of major part of the urban area. 
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The quantity of water reserves present in the area is 
determined by depth to water table, which consequently is 
dependent upon saturated thickness of the aquifer. 
The saturated thickness of the aquifer material in turn depends 
upon grain size, pore spaces and grain shape of the constituent 
minerals. 
Basement rock in the area is formed by metamorphic 
rocks, which are granite gneiss and quartzite mica schist. 
These metamorphic rocks are overlain by sand. Maximum 
thickness of sand is seen at Sanganer, Durgapura and 
Ramjipura. Sand also constitutes some amounts of Kankar and 
clay. Silt is deposited on the surface to a thickness ranging 
form 2 m to 30m. in Ambagarh, Mahapura and Harmara areas. 
Saturated thickness of the alluvial aquifers of Jaipur 
urban area varies considerably. Towards southern and western 
part of the city it ranges about 20m to 80m, along the axis of 
walled city - Sanganer it is over 50m, reducing to less than 
30m towards Amanishah Nalla. In the area west of Amanishah 
Nalla, saturated thickness is again more, varying from 50m to 
70m. 
With the objective to delineate the vertical and lateral 
extent of the aquifers, various ground water authorities in the 
area have drilled exploratory boreholes (Fig.8). The depth of 
basement encountered in these boreholes and also in deposit 
wells are given below: 
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TABLE-VI: Alluvium Thickness 
S.No 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22 
23. 
24. 
25. 
Location 
Ambabari 
Vidhyadhar Nagar 
Jhotwara 
Bajaj Nagar 
Sirsi 
Mansarovar 
Surya Nagar 
Malviya Nagar 
Vaishali Nagar 
Nehru Place (Tonk Road) 
S.M.S. Stadium 
Durgapura 
O.T.S. 
M.E.S. 
Nangal Jaisabohran 
Murlipura 
Shyam Nagar 
Hirapura 
Sukhpura 
Sanganer 
Sanchoti 
Jhalana 
Mohana 
Harmada 
Hothori-Gopalbari 
Thickness of alluvium (in mtrs) 
98.00 
92.00 
84.00 
83.60 
81.00 
80.00 
75.00 
75.00 
74.00 
73.00 
73.00 
71.00 
70.10 
67.80 
66.47 
65.00 
63.21 
60.00 
57.00 
55.20 
50.00 
50.00 
49.20 
49.12 
38.20 
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The borehole data reveal that thickness of the alluvium is 
less than 50m. in the areas around Harmada and Hathori, over 
80m. at Vidhyadhar Nagar, Jhotwara, Sirsi and Ambabari areas 
and also Bajaj Nager area of the Jaipur. In remaining areas, the 
alluvium thickness is between 50 and 80m.Bed rock elevation 
in the area ranges from 325 m in southern parts (Fig.9). 
Occurrence of Ground Water and Yield Potential: 
In the Jaipur urban area the groundwater mostly occurs in 
the Quaternary alluvium deposits and at some places it is also 
found in weathered and fractured quartzite (Fig. 10). Ground 
water in quaternary alluvium occurs under unconfined 
conditions at shallow depth, whereas at deeper depth it occurs 
under semiconfined/confined conditions with delayed yield 
characteristics. 
It should be apparent that safe yield cannot exceed the 
long-time mean annual water supply to the basin. Withdrawals 
exceeding this supply must come from storage within the 
aquifer. Such permanent depletion is often referred to as 
mining of groundwater because of its analogy to mining of 
ores and petroleum. In most basins the quantity of water in 
storage is many times the annual recharge or draft; therefore in 
any one year the draft can exceed the recharge without causing 
permanent depletion. But on a long-term basis, when series of 
wet and dry years would tend to average out, the draft becomes 
an overdraft if the mean supply is exceeded. 
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The water supply to a basin can be limited either by physical 
size of the underground basin or by the rate at which water 
moves through the basin from the recharge area to the 
withdrawal area. Determinations of safe yield may thus refer 
to the quantity concept of the rate concept; Thomas preferred 
the designations reservoir problems and pipeline problems, 
respectively. 
In basin where both may apply, the smaller value governs 
the quantity concept is usually more important for unconfined 
aquifers where supply and disposal areas are near, whereas the 
rare concept is more applicable to confined aquifers where 
supply and disposal area may be many times apart. 
The average yield of the wells in Jaipur urban area varies 
from 40, 000 litres/day with pump in the quartzite aquifers to 
96, 500 litres per day in the alluvial aquifers and the average 
discharge of the tubewells from 8.00 m^/day in quartzitic 
aquifers to 12.00m^/day in alluvial aquifers. The value of 
coefficient of transmissivity ranges from 22.0m^/day to as high 
as 179m^/day. 
From ground water point of view, Nangal Jaisabohran, 
Vidhyadhar Nagar, Ambabari, Suryanagar, Bajaj Nagar and 
parts of Sanganer are quite potential as in these areas the tube 
wells range in yield from 600 to as high as 1020 Lpm. 
It has been observed that yield potential in the urban 
agglomerate by and large increases with increase in saturated 
thickness. The hydrogeomorphological studies of the Jaipur 
have enabled to identify and delineate various hydrogeomophic 
units with respect to their yield potential as stated in table 
(Table VII). 
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Table-VII: Potential of Different Hydro 
Geomorphologic Units 
S.No 
1. 
2. 
3. 
4. 
5. 
6. 
Hydrogeomorphological Units 
Alluvial plain 
Alluvial plain (Sandy) 
Pediment 
Intennountain valley 
Dissected sandy plain 
Ravines 
Ground water potential 
Good 
Moderate - Good 
Moderate - Good 
Moderate - Good 
Moderate 
Poor 
The area comprises alluvial plains mainly; with 
pediments, intermountail valleys and ravines as major 
hydrogeomorphic units. Hydrogeomorphology of the area is 
shown in Fig (Fig.11). 
Mc Mohan (1979) has defined areas as those with 
average annual precipition less than 500mm and annual 
potential evapotranspiration greater than 800mm. These areas 
cover more than a quarter of the earth's land surface and 
include many developing countries. 
Apart from generally low rainfall, high evaporative loss 
and consequently low run off, arid areas are also characterized 
by high degrees of both spatial and temporal variability. The 
spatial variability is largely a consequence of the convective 
rainfall mechanisms that prevail in arid areas, where storm 
cells develop and decay rapidly over relatively small areas. 
The annual variability of arid zone rainfall is commonly much 
lower. (Hughes; 1998). 
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The water supply in desert regions can be ciiaracterized 
as endogenous, originating within the desert; or exogenous 
originating externally in more humid environments. The 
endogenous sources are stream flow and surface or sub -
surface reservoirs. These reservoirs include water, which has 
accumulated in sands, aquifers in alluvial fans or occasionally 
in limestone rocks, playas and freshwater accumulations along 
some coasts. A much greater volume of water is exogenous, 
originating from ground water and rivers. 
The water availability in a given dry land region is 
therefore a function not only of the local climate, but also of 
various geomorphological factors. These include soil type, 
slope and topography the nature of the drainage system, 
proximity to groundwater (depth to water table) and proximity 
to seasonal or exotic streams the desert areas tend to be the 
playas and rocky slopes. Favourable environments include 
highlands, where rainfall is higher than on the plans; 
depressions and the bales of slopes or inselbergs, where runoff 
collects; and the oases; which may be spring-fed from 
groundwater. The water table tends to be elevated under sand 
dunes, allowing dunes to support plant growth. The dry beds of 
exogenous streams are also moist environments where lush 
vegetation often thrives. Desert aquifers provide another 
source of water (Nickolson 1998). 
Water Resources: 
Water resources of any area are the measure of quantity 
of water present for the socio-economic use of the population. 
Basically these are of two types. 
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Surface Water: 
The amount of water in an area above the surface of the 
earth in the form of rivers, canals, lakes or tributaries is 
known as surface water. Surface water is significant in hard 
rock terrains, as these waters cannot percolate through the 
capillaries down to below the surface. 
Ground Water: 
Water, which is present below the surface of the earth in 
aquifer material, is known as ground water. On a large scale 
for every daily use purpose ground water is frequently 
consumed by the population. The amount of ground water 
present in any area directly depends upon the amount of 
precipitation annually, type of overlying rocks or sediments, 
rate of infiltration and rate of discharge in that area. 
Jaipur urban area in its agglomerates comprises no river 
or canal system or its tributary as surface water sources. 
As described previously alluvium forms the potential 
aquifers in the area, and there is a less quantity of recharge to 
the aquifers as the monsoon period here is shorter so the area 
is a part of desert region. Because there is no surface water 
resource the emphasis is given to the ground water sources in 
the area, which are depleting day by day as rate of extraction 
is increasing rapidly due to rapid increase in population. 
The water resources in the area are limited on extent and 
load of increasing populations; industrialization and irrigation 
are contributing to a large extent in the further depletion of the 
sources, and also deteriorating the ground water quality. It 
only has a drain named Amanishah Nala, which joins the 
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Mendha River outside the urban area in the south. But outside 
the urban area there is Bandi River in the west after Jhotwara 
block, Mendha River in the northwest and Banganga River in 
the northeast flowing in Jamwa Ramgarh and Shahpura blocks. 
But these all rivers are old and play no role in forming water 
resources. 
The Jaipur urban area comprises no major river or 
canal within its agglomerates (Fig.3). It is mainly drained 
by a nalla named Amanishah Nalla from north to south, and 
meets with Mendha River in the southy at Sanganer block 
outside the urban area. Mendha River is also ephemeral in 
nature and flows only in monsoon period. 
The Amanishah Nalla is the main drain of Jaipur urban 
area, which carries all the waste effluents from Nahargarh 
reserve forest and Vishwakarma Industrial Area and finally 
joins the Mendha River outside the urban area. During most 
of the times it is dry and contains small amounts of wastes 
in its coarse. It is filled with water during rainy seasons 
only. During its run from north to south it is met with small 
drains from the central urban area. The name Amanishah 
was given to it after a great Peer "Amanishah". The mazar 
of Amanishah is situated on the bank of this drain in north 
of Jaipur near Vidhyadhar Nagar. 
Except this there are some small water reservoirs like-
Jalmahal and Talkatora. Irrigation Department Rajasthan has 
developed Mansagar scheme on Jalmahal for supplying 
water for irrigation purposes. Jalmahal receives local 
catchment of the area. Dam constructed over it is machinery 
type. Maximum height of dam is 15.50 mtrs. Total 
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catchment area of Mansagar is 25.60 sq. kms. with a 
capacity of 2.4 million cubic meter and has a submergence 
area of 1.15 sq.kms.Gros Command area of this scheme is 
835 hectare with cultural command area of 729 hectare. 
Talkatora is comparatively small reservoir located in 
the centre of Jaipur. It receives the local catchment of 
Brahmpuri Nalla. 
Part of drinking water supply to Jaipur is met by 
Ramgarh Lake, which is situated in the direction northeast 
from the area. Dam constructed over Ramgarh Lake is 
earthen type, which receives water from Banganga River. It 
is mainly utilized for urban water supply only since 1978. 
Total catchment area of Ramgarh Lake is 297 sq.miles and 
has a gross storage capacity of 2650 million cubic feet. 
Galtaji is a spring water source in the western part of 
the area and is a worship place also. This water is not used 
for urban water supplies. 
Ground Water Scenario: 
The ground water scenario of any area directly depends 
on behavior of aquifer material in that particular area and its 
surrounding thus evaluation of ground water scenario which is 
behavior of ground water in area requires total understanding 
of the behavior of ground water in the region. 
Ground Water Scenario of Rajasthan: 
The state of Rajasthan comprising 32 districts has a 
geographical are of 3,4,2, 2,3,9, square kilometers and is the 
largest state of the country. It is situated between north 
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latitudes 23°3' and 30°12' and east longitudes 69''30' and 
78°17: 
Presently 1255 NHS in the state are being monitored. The 
density of stations monitored works out to one station for 
every 273 sq. km., which is considered to be rather low 
keeping in view the emerging problems and the ground water 
scenario in the state. Out of 1,255 NHS, open dug-wells were 
941 and peizometer 314. Their distribution is given in table 
(Table: VHI) In all there are 7 main river basins and 14 sub-
basins in the state. The main rivers are Indira Gandhi Nahar, 
Chambal, Ganga canal, Bhakra canal, Gurgaon canal, Mahi-
Bajaj, Jakam and these flow in Ganganagar, Bikaner, 
Jaisalmer, Barmer, Churu, Kota, Bundi, Baran, Ganganagar, 
Bhatatpur, Banswara and Udaipur districts covering an 
irrigated area of 22995 sq. km. 
In canal irrigated areas, a part of canal water through 
seepage form the conveyance system and part of water i.e. 
utilized for irrigation also returns to ground water and 
contributes to storage. The principal source of recharge to 
aquifers in Rajasthan is infiltration from rainfall. Rajasthan 
receives much lower rainfall compared to the other parts of the 
country. Out of the total rainfall a sizable portion in the 
bringing of the rainy season is used for building the soil 
moisture and is also lost to evaporation because of its arid 
conditions. 
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In all there are 7 main river basins and 14 sub-basins in 
the state. The break up of NHS and basin area of each river 
basin is given in the Table-IX. The correlation between 
percentage geographical area of river basin and percentage of 
NHS in each basin closely match except in the zone of inland 
drainage. 
This is because of the fact that the districts of western 
Rajasthan viz. Barmer, Bikaner, Jaisalmer, Nagaur and Churu 
occupying 35% of the total geographical area of the state are 
thinly populated. Hence the population of ground water 
structures is also less as compared to other parts. 
The distribution of NHS in the state in major 
hydrogeolocial units is given in table-VHI. 
Table-VIII: Distribution Of Hydrograph Network Stations 
In Different Hydrogeological Units 
GEOLOGICAL 
Time unit 
QUATERNARY 
CAINOZOIC 
MESOZOIC 
CAINOZOIC 
& 
MESOZOIC 
LOWER 
PROTEROZOIC 
LOWER 
PROTEROZOIC 
TO AZOIC 
Formation 
Unconsolidated 
Semi-consolidated 
Consolidated 
Effusive 
Sedimentaries 
Sendimentaries & 
Meta sedimentaries 
(Marwar& 
VindhyanSupergrup 
) 
INTRUSIUVES 
Meta Sedimentaries 
& Basic Crystalline 
Complex 
RAJASTHAN 
LITHOLOGY 
Alluvium& 
Blown sand 
Sandstone 
Limestone, shale & 
siltstone 
Basalt & 
Interatrapeans 
Sandstone & shale 
Limestone & 
dolomite 
Granite & Rhyollite 
Quartzite gneiss, 
slate, schist & 
phyllite 
Area 
Sqkm 
145g86 
41724 
7937 
45665 
10993 
25483 
64551 
342239 
% 
42.63 
12.19 
2.32 
13.34 
3,21 
7.75 
18.86 
100 
NHS 
No. 
746 
83 
34 
97 
13 
64 
218 
1255 
% 
59.44 
6.61 
2,71 
7.73 
1.04 
5.10 
17.37 
100 
Density 
Sq km/stn 
196 
503 
233 
471 
846 
398 
296 
273 
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Out of 1,255 NHS, 59.44% are in unconsolidated 
formation of Quaternary age and 6.61% in semi-consolidated 
formations of Mesozoic to Cenozoic age. 
The consolidated formation have 33.95% of the total 
NHS, the distribution of which is as 2.71% in effusive (basalts 
& intertrappean); 5.10% in intrusive (granite and rhyolites). In 
the sedimentis of Marwar and Vindhyan Supergroup there are 
1.04% of the NHS. The metasedimentraries and basic 
crystalline complex have 17.37% of the NHS. 
The state has 22,995 sq km irrigated command area and 
in almost each irrigation command network stations have been 
set up. The list of irrigation commands & the number of NHS 
is given in the table (Table -IX) ^ » ^ t * ° ^ V«<f >*^ 
Table-IX: Distribution Of National Hijrdi-^ ogra^ f^a Statjpns j! 
\ <r v^  J 1^ 
(NHS) In Irrigation CowmaQd Area j •:• // 
Name of 
irrigation 
command 
Indira Gandhi 
Nahar 
Chambal 
Gang Canal 
Bhakra Canal 
Gurgaon Canal 
Mahi-Bajaj 
Jakhan 
Rajasthan 
Name of District (s) falling 
in command 
Ganganagar,Bikaner, 
Jaisaimer, 
Banner & Churu 
Kota, Bundi & Baran 
Ganganagar 
Ganganagar 
Bharatpur 
Banswara 
Udaipur 
Irrigated 
Area 
(sqkm) 
15450 
2034 
1348 
2310 
282 
1360 
211 
22995 
NoofNJfiSi; 
in 
Command 
86 
35 
18 
25 
8 
13 
5 
184 
' ^ ^ ^ 
179.65 
58.11 
74.89 
92.4 
35.25 
104.62 
42.2 
124.97 
jor 2 
The water levels reflect the cumulative effect on ground 
water regime as a consequence of natural recharge - discharge 
conditions and artificial draft. 
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Where the draft exceeds the recharge, its manifestation is 
reflected in the decline of water levels. The hydrograph clearly 
shows the period of recharge and discharge. 
Analysis Of Composite Hydrograph: 
Ground water system in the state of Rajasthan has 
become extremely vulnerable of the overuse and water quality 
degradation. Since the volume of gorund water in storage 
varies both in space and time in accordance with the 
hydrometeorological and hydrogeological domain condition 
together with the external stress loaded on it as per the ground 
water requirements of various sectors like agriculture, drinking 
water needs and industrial uses, therefore the net impact 
imparted on the ground water system need to be studied 
closely and critically be analyzing the behavioral pattern of 
ground water levels in the light of rainfall as input and 
extraction of ground water as output. 
Ground Water Scenario Of Jaipur 
The demand for water has been rising in the urban center 
not only due to the accelerated growth in population but also 
due to growth in the economic activities and social needs 
consequently, the existing systems of water supply and 
sanitation are crumbling. 
Jaipur urban area has witnessed about 15-fold hike in 
population during the last seven decades. The rapid increase in 
demographic pressure may be indicative of positive economic 
growth; it has also resulted in plethora of problems including 
deterioration in quality of ground water. 
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With the poor environmental controls exercised by the civic 
authorities, the city has become guardians of garbage, leaking 
soak pits and poorly maintained sewerage systems. The 
crumbling sanitation system has therefore leads to pollution of 
subsurface water by high contents of nitrate, especially within 
the walled city as well as adjacent colonies. 
Ground water conditions are mainly governed by the 
geological set-up besides the influence of geomorphological 
and derinataJogical factors, and are revealed by data generated 
from hydrogeological surveys, exploratory drilling and the 
drilling operations undertaken for the construction of 
piezometers. 
Quarternary alluvium formations form principal potential 
aquifer in the area and mainly consist of sand and silt. These 
sediments are fluvial, fluvioaeolian and aeolian in origin. 
However at some places (e.g. Ambabari and Bajaj nagar) 
gravel formation also occur in association with fine sand. It 
has been observed that kankar occur within alluvium all over 
the area. And the presence of secondary calcareous material 
reduces the porosity of the formation to a large extent. 
Ambabari, Vidhyadhar nagar, Surya nagar and Nangal 
Jaisan Bohron are the ground water potential areas. The 
shallowest water level i.e. less than 10m is available around 
Jalebi Chowk and in further north around Jalmahal in the 
walled city area. It is also less than 10m around Sisodiya 
Garden. 
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Depth to water level in the range of 10m to 15m is 
available at Surya Nagar, depth to water level in the range of 
15 to 20m occurs near ChandPole gate of walled city area and 
also in C-scheme area and further south around Mansarovar, 
Durgrapura, Sanganer and Sukhpuriya. Depth to water level in 
the range of 20-25m occurs in the northern part around 
Harmada and Vidhyadhar Nagar, Water level over 35m. have 
been recorded around Jhotwara, Army cantt and Sirsi. 
At shallow depth, ground water occurs under unconfined 
conditions and at greater depth within alluvium it occurs under 
semiconfined conditions with delayed yield phenomenon. The 
area experience decline in water level at the tune of 0.50 meter 
to 1.19-meter year. The value of coefficient of transmissivity 
ranges from 22.0 m /day to as high as 179 m /day and the area 
is categorized as over-exploited. 
There is overexplotation of ground water of the 
magnitude of 51.44 mem / year. This may lead to drying up of 
aquifer in 10 to 15 years of time because stage of ground water 
development is 239%. 
P.H.E.D. is supplying about 0.288 mem of water daily. 
Which is likely to be 0.503 and 0.723 mem for the projected 
population of 3.56 million and 4.8 million populations in the 
years 2011 and 2021 respectively. 
Water Table Elevation And Slope: 
The elevation of water level varies form about 430m. 
above mean sea level (mamsl) in northern part of the area to 
about 330 mamsl in the southern part. 
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Hydraulic gradient closely follows the physiography and is in 
the southerly and south - westerly directions. 
Except a few hydrograph stations, for all other station 
long term water level data show sharp declining trend. In ' c ' 
scheme area the fall in water level is more than thirteen meters 
during the period of 1975- 2003. From the water level data it 
can be noticed that the declining trends has sharply picked up 
from the year of 1987. In Jaipur from 1986 to 1989 annual 
rainfall was below normal and during this period one of the 
worst droughts was experienced. At Jalebi chowk the fall in 
water level during the period of 1988 - 1997 was around four 
metres. In Army cantt area the fall in water level in last five 
years is 2.1m, in Jhotwara area in last six year it is about three 
metres. In kalyanji ka Rasta and Ram Niwas Bagh area water 
level has declined by 5.8m, during the period of 1998 - 2003. 
At Amber, Sisodiya Garden and Purana Ghat the water level 
does not show declining trend because their geographical 
locations are in recharge area. The water level data of different 
NHS present in the urban area are given in table (Table -
XXXV) net annual recharge to are by rainfall is 36.97 mem 
(million cubic metre) per year and net annual ground water 
draft is 88.03 mem (million cubic metre) per year which 
results in (-) 51.44 mem (million cubic metre). 
The degree of over saturation will depend on the value of 
stream width; a very wide stream will not necessarily be well 
represented by a model of a fully penetrating stream. The 
impact of lateral boundaries depends upon the distance from 
the pumping well to the stream and the stream leakance 
parameter. In most cases, aquifer width must be in the order of 
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hundreds of stream widths before the assumption underlying 
this solution in that stream - channel penetration is negligible 
relative to aquifer thickness. 
However, an approximate extension to the case of non 
negligible penetration provides reasonable results for the range 
of relative penetrations found in most natural system (upto 
85%) since this solution allows consideration of a much wider 
range of conditions than existing analytical approaches, it can 
prove to be a vulnerable new tool for water management 
design and water rights adjudication purposes (Butler Jr, 
Zlotnik and Tsou 2001). 
Based on Research work in Truyere River catchment of 
the massif central (Lozere Department, France) a methodology 
has been developed for a few square kilometers within 
basement area of several hundred; if not thousand, square 
kilometers for the purpose of siting high yield water wells. 
The methodology adopts a functional approach to hard-rock 
aquifers using a conceptual model of the aquifer structure and 
of the functioning of the main aquifer compartments. The 
arteries (weathered and decayed rock), the underlying 
weathered fissure zone and the fractured bedrock. It involves 
an economically feasible method of mapping the thickness and 
spatial distribution of the atterites and the weathered fissured 
zone, on which the long-term exploitation of the water 
resource chiefly depends. This method is used for the first 
time in hydrogeology. 
The potential groundwater resources were mapped by GIS 
multicriteria analysis using parameter characterizing the 
structure and functioning of the aquifer i.e. lithology and 
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hydrogeological properties of the substratum, nature and 
thickness of the arteries and weathered - fissured zone, depth 
of the water table, slope and ground water quality. 
The resulting documents are used for groundwater 
exploration, although they may also be applied for land use 
management (Lachassaghe, Wyhs, Pieric, Bruel, Chery, 
Coutand, Desprats and Strat 2001). 
Historical Background of Water Supply: 
In 1727, the year in which Sawai Jai Singh founded the 
city Jaipur a water supply scheme was started through 
construction of Jhalaras (a big public well) in each of the nine 
chowkaris (square). 
In the beginning of the 18'^ * century the citizens used to 
draw water from 100 open wells and baoris located in the city. 
The first water supply scheme was started for City Palace 
where water for open wells was drawn with oxes and was 
supplied through a small canal. In the mid of 18"' century the 
walled city was supplied water from Amanishah Nala through 
the canals up to Choti Chopar and Bari Chopar from where 
people used to take water. Piped water supply to Jaipur for 
public began in 1874 with the construction of a reservoir of 
4.5 MLD capacities across Amanishah Nala; open wells were 
constructed in the nala to meet the drinking water demand. In 
1915, water supply for the city was about 23.7 litres per capita 
per day. This was followed by the development of alternative 
sources for water supply in the city in view of the growing 
population. 
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During ancient times the entire population of Jaipur city 
was confined within the walled city where supply of drinking 
water was dependent mostly on open dug wells. 
A major scheme was launched during 1932 - 36 by the Jaipur 
state to bring about 1 MLD water from Ramgarh reservoir 
situated about 32 kms. Northeast of the city. About 6 MLD 
water was also drawn from the wells along Amanishah Nala. 
During 1945-55 some tube-wells were constructed in the 
newly developed outer colonies. During 1958-64 water supply 
from Ramgarh reservoir was enhanced to 36 MLD and 18 MLD 
from ground water abstraction structures (total water 
production 54 MLD), During 1971-79 supply of water was 
raised upto 141 MLD.A programme under World Bank Aid was 
taken up during the period of 1980-87 to increase production 
to 218.6MLD in 1986. 
Presently city water supply is of the tune of 288 
MLD, which is obtained partly from Ramgarh Lake (13.5 
MLD) and remaining 274 MLD from about 800 tube wells and 
1600 Hand pumps. Public Health Engineering Department 
(PHED), Government of Rajasthan is primarily responsible for 
planning operation and maintenance of water supply schemes 
in Jaipur city as well as whole Rajasthan presently the PHED 
is catering about 24 lacs (2.4 million) of population in Jaipur 
city with the service level (supply per capita per day) of 160 
litres. In addition to the PHED water supply scheme a number 
of private tubewells also supply driniking water in the Jaipur 
urban agglomerate area. 
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Table-X: Growth Of Population And Water Supply In 
Jaipur Urban Agglomerate 
Year 
1931 
1941 
1951 
1961 
1971 
1981 
1991 
Population 
1,50000 
1,75,810 
2,91,130 
4,03,444 
6,15,258 
9,77,165 
14,58,482 
Water supplied MLD (mem) 
288 (0.288) 
15 (0.015) 
20 (0.020) 
56 (0.056) 
60 (0.060) 
152(0.152) 
220 (0.220) 
Percapita supply 
(MLD) 
86 
69 
139 
98 
146 
151 
160 
Table-XI: Projected Daily And Yearly Demand Of Water 
Year 
1.2006 
2.2011 
3.2021 
Projected population 
3009000 
3560000 
4799094 
Daily demand 
MLD (mem) 
412.65 (0.413) 
502.77 (0.503) 
723.07 (0.723) 
Required production 
capacity MLD (mem) 
485.28 (0.485) 
599.95 (0.600) 
899.67 (0.900) 
It is clear that the requirement of drinking/domestic 
water supplies is by and large met from ground water only. 
With increasing urbanization and industrialization the water 
levels are declining and ground water resources depleting. 
Since the present level of replenishment of dynamic water 
resources is not sufficient to meet the demand of Jaipur urban 
and its agglomerate area, the static ground water resource is 
undergoing depletion/mining at faster rate. 
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JLSS'ESM'Em^ 
CHAPTER - 5 
WATER QUALITY ASSESSMENT 
Water occurs in large quantities in the hydrosphere, the 
atmosphere, and the lithosphere, in solid, liquid, and gaseous 
states. Water as a liquid is the most important phase; being the 
most powerful solvent, it is involved in the distribution of 
geochemical materials around and through the Earth's surface. 
This capability is the result of a number of specific properties 
of water: its unusually high surface tension, dielectric 
constant, latent heat of vaporization and latent heat of fusion. 
Its maximum density, which occurs above the freezing point, 
occurring at 4°C, is also unusual as is the reduction in 
coefficient of volume compressibility with increasing 
temperature. The viscosity decreases with increase in pressure 
up to 32*'C. Finally there is the phenomenon that among the 
substances that are liquid at standard temperature and 
pressure, water has the lowest molecular weight. 
Natural waters are never pure; they always contain at 
least small amounts of dissolved gases and solids. The 
composition of the aqueous solution is a function of a 
multiplicity of factors; for example, the initial composition of 
the water, the partial pressure of the gas phase, the type of 
mineral matter the water contacts, and the pit and oxidation 
potential of the solution, water containing a biotic assemblage 
has an even more complex chemistry owing to the life 
processes of the biota. 
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All ground waters contain salts carried in solution. The 
kinds and concentration of salts depend upon the environment, 
movement, and source of the groundwater. Ordinarily, higher 
proportions of dissolved constituents are found in ground 
water that in surface waters because of the greater exposure to 
soluble materials in geologic strata. Soluble salts found in 
ground water originate primarily from solution of rock 
materials. In area recharging large volumes of water 
underground such as alluvial streams or artificial recharge 
areas, the quality of the infiltrating surface water can have a 
marked effect on that of the ground water. Locally, absorbed 
gases of magmatic origin contribute dissolved mineral 
products to groundwater; mineralized thermal springs furnish 
an excellent example, connate waters entrapped in sedimentary 
rocks since geologic times. Even rain entering the ground 
contains minor salt concentrations picked up in the 
atmosphere. 
Salts are added to ground water passing through soils by 
soluble products of soil weathering and of erosion by rainfall 
and flowing water. Excess irrigation water percolating to the 
water table may contribute substantial quantities of salt. Water 
passing through the root zone of cultivated areas usually 
contain saline concentrations several times that of the applied 
irrigation water. Increases result primarily from the 
evapotranspiration processes, which tend to concentrate salts 
in drainage water. In addition, soluble soil materials, 
fertilizers, and selective absorption of salts by plant will 
modify salt concentrations of percolating waters. 
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Factors governing the increase include soil permeability, 
drainage facilities, amount of water applied, crops, and 
climate. Thus high salinities are found in soils and ground 
waters of arid climates where leaching of rain water is not 
effective in diluting the salt solutions. Similarly, poorly 
drained areas, particularly basins having interior drainage, 
contain high salt concentrations. Also some regions contain 
remnants of sedimentary deposition under saline waters; the 
designation "badlands" implies the lack of productivity 
resulting from excess salt contents of the soil and water. 
The criteria of water quality may be defined as the 
concentration quality, or intensive measure that if achieved or 
maintained, will allow or make possible a specific water use 
(McCutcheon et. al., 1992). According to Freeze et al. (1979) 
water is effective on denialing salts because it has a very high 
dielectric constant and because its molecules tend, to combine 
with ions to form hydrated ions. The quality of water changes 
from place to place and season to season depending upon the 
natural and human influences. It is necessary to monitor the 
quality of water in order to ascertain the suitability for certain 
use. The dissolved ions which are present in the water samples 
affect the quality of water as well as oils, acidic, alkaline or 
saline water, which, inturn affect the quality of ground water 
used for irrigation, domestic and industrial purposes. 
The successively increasing chemicals in rivers and their 
water bodies, resulting from the enhanced discharge of 
industrial and municipal wastewater has become the major 
problem affecting water quality. 
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As a result of pollution, there is an increasing need to 
treat water before it is suitable for diverse uses like drinking, 
irrigation, fish farming and recreation and to treat wastewater 
before it is discharged back into the water cycle. 
The concentrations of substances dissolved in water are 
commonly reported in terms of weight per volume. The value 
so expressed is the weight of dissolved matter in milligram in 
one litre of water if the concentration of dissolved solids is 
low, but when concentrations is high, it has to be made for the 
change in the specific gravity of water. The mg/1 is nearly 
equivalent to ppm (parts per million), the common unit, 
equivalents per million (epm) is calculated by dividing parts 
per million (ppm) by equivalent weight of ion. In present work 
the values are expressed in terms of parts per million and 
equivalent per million. Since the analysis of water was made 
following the same analytical procedure hence the presentation 
of data was also done in same form for all water samples. The 
diagrams are used for water samples only to facilitate the 
visual comparison of common water contents in order to 
ascertain their source. 
In the present chapter, the major ions and trace element 
contents of water are individually discussed. Maximum and 
minimum concentration of different elements and their 
significance are discussed with respect to locations in the 
study area. 
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Hydrogen Ion Concentration (pH): 
The pH value of a solution is the negative logarithm of 
the concentration of hydrogen ions in gram/litre. The pH value 
of water influences the growth of plants and soil organism, 
therefore, it affects to a great extent the suitability of water 
for irrigation. The pH value of water is controlled by the 
amount of bicarbonates and dissolved CO2. The highest 
desirable limit for public water supply ranges 7-8.5 while 
maximum permissible limit is 6.5 to 9.2, (WHO, 1984). The 
low pH gives rise to off taste and promotes corrosion. 
In the study area pH values ranges from 6.53 in 
Brahmpruri to 9.05 in Jagannathpura in pre-monsoon period 
and from 6.77 in Brahmpuri to 9.0 in Bhankrota in post-
monsoon period, which lies within the permissible limits as 
stated in the W.H.O. guidelines. 
Total Dissolved Solids: 
One basic measure of water quality is the total dissolved 
solids (TDS) that are the total amount of solids, in milligrams 
per liter, which remain when a water sample is evaporated to 
dryness. The total dissolved solids comprise dissociated and 
undissociated substances, but not suspended materials, colloids 
or dissolved gases. Table XII gives a classification scheme for 
water based on the total dissolved solids. 
Water naturally contains a number of different dissolved 
inorganic constituents. The major cations are calcium, 
magnesium, sodium and potassium; the major anions are 
chloride, sulfate, carbonate, and bicarbonate. Although not in 
ionic form, silica can also be a major constituent. 
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These major constituents constitute the bulk of the mineral 
matter contributing to total dissolved solids. In addition there 
may be minor constituents present, including iron, manganese, 
fluoride, nitrate, strontium, and boron. Trace elements such as 
arsenic, lead, cadmium and chromium may be present in 
amounts of only a few micrograms per liter, but they are very 
important from a water quality standpoint. 
Dissolved gases are present in both surface and 
groundwater. The major gases of concern are hydrogen and 
carbon dioxide. Nitrogen, which is more or less inert, is also 
present. Minor gases of concern include hydrogen sulfide and 
methane. Hydrogen sulfide is toxic and imports a bad odor, but 
is not present in water that contains dissolved oxygen. 
Table-XII: Classification Based On T.D.S. 
Class 
Fresh 
Brackish 
Saline 
Brine 
TDS (mg/I) 
0-1,000 
1,000 - 10,000 
10,000- 100,000 
>100, 000 
Surface water may be adversely impacted by human 
activity. If organic matter, such as untreated human or animal 
waste, is placed into the surface-water body, dissolved oxygen 
level diminish as microorganisms grow, using the organic 
matter as an energy sources and consuming oxygen in process. 
The total dissolved solids may increase owing to the disposal 
of wastewater, urban run off, and increased erosion due to 
land-use changes in the drainage basin. 
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The natural quality of groundwater varies substantially 
from place to place. It can range from total dissolved solids 
contents of 100 mg/1 or less for some fresh ground water to 
more than 100,000 mg/1 for some brines found in deep 
aquifers. The U.S. Environmental systems, taking this 
variability into account, have developed a scheme of 
classification for the ground waters of the United States: 
Class I: Special groundwaters are those that are highly 
vulnerable to contaminating because of the hydrogeological 
characteristics of the areas under which they occur and that are 
also either an irreplaceable source of drinking water or 
ecologically vital in that they provide the base flow for a 
particularly sensitive ecological system. 
Class II: Current and Potential Sources of Drinking Water 
and Waters having other beneficial uses are all other ground 
waters except class III. 
Class III: Groundwaters not Considered Potential Sources 
of Drinking Water and of Beneficial Use because the salinity 
is greater than 10,000 mg/1 or the ground water is otherwise 
contaminated beyond levels that can be removed using method 
reasonably employed in public water supply treatment. 
The U.S. EPA uses this scheme in promulgating rules and 
regulation of the federal level. The highest degree of 
protection is given to class I groundwater. 
In the study area total dissolved solids as measured in 
water samples varies from 260 mg/1 in Harmada Ghati to a 
maximum of 1495 mg/1 in Brahmpuri in pre-monsoon and from 
468 mg/1 in Sirsi to 1430 mg/1 in Brahmpuri during post-
monsoon period. 
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The values suggest that majority of the water samples 
collected from the area lie in fresh quality ranging from 0 to 
1,000 mg/1 while some are brackish waters having total 
dissolved solids greater then 1,000 mg/1 to 10,000 mg/1. 
Electrical Conductivity: 
The electrical conductance is the reciprocal of electrical 
resistance. The unit is Siemens (S), formerly mho. The specific 
conductance of water is the ability of a cube of substance, with 
side measuring 1cm, to conduct electrical current. It is 
dependent on the temperature and the type and concentration 
of the dissolved ions. It is usually defined at 25°C, so that 
differences in conductance are a function of the concentration 
and type of dissolved ions only. The specific electrical 
conductance permits a rapid evaluation of the chemical quality 
of the water sample. 
The electrical conductivity values in the area ranges form 
a minimum of 400/iS/cm. in Harmada Ghati to a maximum of 
2300//S/cm in Brahmpuri in the pre-monsoon period and from 
750 //S/cm in Sirsi village to 22,000 //S/cm in Brahmpuri in 
post-monsoon period. 
Total Hardness: 
Generally this property is attributed only to calcium and 
magnesium dissolved in water. The concept of water hardness 
is attributed to the reaction of soap with calcium and 
magnesium, iron, manganese, copper, barium and zinc. 
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The elements like iron, manganese, copper, barium and zinc 
are trace in quantity so the total hardness becomes a measure 
of its calcium and magnesium contents. On the basis of total 
hardness of the waters, it can be classified as 
Table-XIII: Classification Of Water Based On Total 
Hardness 
Class 
Soft 
Moderately 
Hard 
Very hard 
Total Hardness (mg/1) 
0 - 7 5 
7 5 - 1 0 0 
150 - 300 
>300 
Highest desirable limit of total hardness in water is 100 
mg/1 as prescribed by WHO (1984), while maximum 
permissible limit is 500 mg/1. above this water is very hard 
which results in bad odour and taste of water. 
Total hardness values of the water samples from study 
area ranges from a minimum of 76 mg/ in Sirsi village to 860 
mg/1 in Brahmpuri in pre-monsoon period while in post 
monsoon water samples it ranges between 80 mg/1 in Sinwar 
minimum and 540 mg/1 in Jalmahal area maximum. The water 
of study area is having most of its hardness values above 100 
mg/1, which obviously indicates that the water is hard to very 
hard. 
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Calcium: 
Calcium is the most common cation in the fresh waters. 
The average calcium content in igneous rocks is 36.200 mg/kg; 
it is predominantly held in plagioclase feldspars, amphibole 
and pyroxene group of mineral. On weathering and deposition 
calcium is incorporated to a small extent only in resistates or 
in hydrolysates, the clayey rock. Calcium is a constituent in 
some zeolites and montmorillonite and occurs as absorbed ions 
or mineral surface in soils or rocks. Calcium forms deposits of 
the carbonates, calcite and aragonite and dolomite, sulfate 
anhydrites and gypsum. Limestones contain besides calcium 
mixtures of magnesium and other impurities. 
Calcium ions are added to groundwater in small amounts 
via atmospheric precipitation. Calcium originates either as 
cyclic salt from seawater or from the dust of calcareous rocks 
and industrial emissions. 
Concentrations of calcium in groundwater samples of the 
area vary from 30.46 mg/1 in Bhankrota to 141.08 mg/1 in 
Brahmpuri in pre-monsoon water samples and from 14.43 in 
Kho-Nagoriyan, to 73.74 mg/1 in Bani Park area in post-
monsoon period. These values lie within the maximum 
permissible limits of 200 mg/1 prescribed by WHO with some 
within the highest desirable limit of 75 mg/1. 
Magnesium: 
The average magnesium content of igneous rock is 17,600 
mg/kg. 
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The chief magnesium-bearing mineral here is the olivine, 
garnets and cordierite, pyroxene, amphibols, mica groups, 
chrysotile, sepiolite, talc, serpentine, the chlorite group and 
magnesium bearing clay minerals. Important amounts of 
magnesium are contained in precipitates, the carbonates 
dolomite and magnesite and mixture of these in limestones. 
Finally magnesium occurs as constituent of salt deposits of 
marine origin. The solubility of magnesium ion is much harder 
to determine, however the solubility of magnesium carbonate 
in pure water and in the presence of CO2 is greater than that of 
calcium carbonate so that under normal ground water 
conditions MgCOa is not precipitated. In spite of the higher 
solubility of most of its compounds, the magnesium content in 
fresh waters is generally below that of calcium, most probably 
because of the lower geochemical abundance of magnesium. 
Maximum permissible limit of magnesium in water samples is 
150g/l (WHO 1984). 
In the study area magnesium content of water samples 
varies from 9.99 mg/1 in Meenawala to 286.74 mg/1 in 
Jalmahal in pre-monsoon period while in post-monsoon period 
these values range from 0 mg/1 in Sanganer and Sirsi village to 
123.3 mg/1 in Brahmpuri which exceeds the maximum 
permissible limits prescribed by WHO (1984). 
Sodium: 
With a concentration of 28,100 mg/kg. Sodium is a major 
constituent of igneous rocks. 
74 
In which it chiefly occurs in plagioclase, the soda-lime 
feldspar with the sodium rich end member albite of relatively 
less importance is sodium-containing silicate. The distribution 
of this element and the rate of its liberation are reflected in the 
quality of spring water. The high solubility of sodium salts and 
the limited degree of sorptive bonding of sodium onto clay 
minerals and other adsorbents lead to a considerably 
enrichment. In the seawater it is the most important cation, and 
in evaporite deposits, in which it chiefly occurs as NaCl, rock 
salt. Sodium is generally present in fresh waters as Na* ions; 
the solubility of sodium salts is high. Occasionally the 
solubility limit of sodium salts is even exceeded, particularly 
in inland drainage basins, where it leads to precipitation of 
sodium salts. 
Sodium concentrations of groundwater samples from the 
area of study ranges between 17.39 mg/I in Sanganer to 535.64 
mg/1 in Jagannathpuri in pre-monsoon period and 56 mg/1 in 
Gandhi circle to 600 mg/1 in Jalmahal in post-monsoon 
periods. 
Potassium: 
The average potassium content of igneous rock is 25,700 
mg/kg only slightly less than that of sodium. In these rocks it 
occurs mostly in the potassium feldspars orthoclase and 
microcline, the micas, muscovite and biotite, and in other 
minerals in small amounts. In spite of the greater resistance of 
the potassium feldspars and other potassium silicates to 
weathering, potassium ions are released by weathering. 
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Potassium occurs in rainwater in amounts from 0.1 mg/1 to 
several mg/1. Evaporite deposits can bring about considerable 
potassium enrichment. This element is an important plant 
nutrient and thus takes part in the biological cycle. 
Incorporation in vegetation draws potassium from the 
hydrologic cycle; however the amounts involved can hardly be 
responsible for the significantly lower potassium content in 
groundwater relative to sodium, because the materials 
incorporated into plants are once more returned to the soil by 
plant decay and are there subjected to possible leaching. 
Because of its lower geochemical mobility in fresh water, 
potassium is seldom found in greater or almost equal 
concentrations compared with sodium. Potassium is used as an 
agricultural fertilizer, and this can lead to significantly higher 
potassium concentrations in groundwater below cultivated 
areas (Harth, 1955). It also occurs as a biological element in 
oil field brines of (Krejci-Grraf 1963b). 
In the study area concentration of potassium vary from 
0.13 mg/i in Durgapura to 51.42 mg/1 in Sarwa in pre-monsoon 
period and from 0 mg/1 at various places to 34.23 mg/1 at Amer 
in post-monsoon period. 
Sulfate: 
Sulfur with an average concentration of 410 mg/1 is only 
a relatively minor constituent of igneous rocks. The 
geochemical considerations lead to the conclusion that sulfur, 
which at present is distributed fairly uniformily in the sea, in 
evaporites, and in sedimentary rocks, originally came mainly 
from magmatic gases (Ricke 1961). 
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Heavy metal sulfides and polysulfides( ojcc4rNespecially ih 
igneous rocks. Sulfur participates in biocl^A|cal reaction^ and 
is contained in organic compounds in plaotS'n ©fij^T^fi^al. 
Oxidation and reduction are frequently bound up with 
biological processes. Sulfate reduction in particular involves 
the assistance of microorganisms. Sulfur compounds are 
introduced into the sulfur cycle by mens activities, particularly 
SO2 in flue gases and sulfate in fertilizers. Considerable 
amounts of sulfate are added to the hydrologic cycle with the 
precipitation from the atmosphere. Further additions of sulfate 
to groundwater arise from the break down of organic 
substances in the soil from the addition of leachable sulfates in 
fertilizers, and from other human influences. 
In the area of study the concentration of sulfate in the 
waters ranges from 
Pre-monsoon Maximum 
Pre- monsoon Minimum 
Post- monsoon Maximum 
Psot- monsoon Minimum 
499.38 mg/1 at Shastri nagar 
25,1 mg/1 at Murlipura 
302.86 mg/1 at Bani Park 
14.814 mg/1 at Bhankrata 
According to WHO the highest desirable limit of sulfate in 
waters is 200 mg/1. The waters of study area mostly lie with in 
maximum permissible limits with few exceptions. 
Carbonate and Bicarbonate: 
The geochemical importance of carbon, which with an 
average concentration of only 320 mg/kg is a relatively 
unimportant constituent of igneous rock, is due to its central 
role in all-organic substances. 
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In the lithosphere it is concentrated in caustobiolites and 
carbonate rocks, which have an origin in biological processes. 
The system C02+H20->H2C03-^HC03+H^-»C03'-+H^ is 
very important in water, controlling the formation of various 
carbonate species that originate from carbonate rocks and free 
carbon dioxide. The total CO2 content in water is usually 
subdivided into free and bound CO2. Free CO2 comprises 
dissolved carbon dioxide and the undissociated H2CO3; bound 
CO2 includes the hydrogen carbonate ions. 
Free carbon dioxide in ground water has various origins. 
It may originate from atmospheric CO2 that becomes dissolved 
in rainwater or from ground air dissolving in percolating 
water, or from directly groundwater. Furhermore during 
transformation peat to lignite, coal to anthracite (carbonization 
process), large amounts of CO2 are liberated (Krejci-Graf 
1934). Free CO2 is produced by an anerobic or aerobic 
oxidation of organic substances, fossilized organic deposits, 
by man-made organic pollution, and by the effect of organic 
acids (humic acids, naphthenic acids) (Smith & Sutton 
Bowman 1930) or inorganic acids (sulfuric acid and nitric 
acids) on carbonate. Carbon dioxide is a component of 
endogenic emissions. Part of it is of primary magmatic origin; 
part of it is set free from carbonate rocks by thermal 
metamorphism. Finally CO2 can also be liberated due to the 
mixing of different "hard" groundwatars and the subsequent 
precipitation of calcium carbonate during pH and pressure 
changes in groundwaters. 
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In the study area variation is concentration of carbonates is 
seen in the ranges of: 
Pre-monsoon period minimum 
Pre-monsoon period maximum 
Post-monsoon period minimum 
Post-monsoon period maximum 
0 mg/1 at various places e.g. Bawri, 
Sukhpuriya, and Mansarovar etc 
104 mg/1 at Sanganer, Sarai Bawri 
0 mg/1 at various places e.g. 
Durgapura, Bajaj Nagar, Civil lines 
etc. 
104 mg/1 at Kho Nagoriyan, Gandhi 
Circle. 
and bicarbonate concentration varies as : 
Pre-monsoon period minimimi 
Pre-monsoon period maximum 
Post-monsoon period minimum 
Post-monsoon period maximum 
0 mg/1 at Sanganer, Sarai Bawri and 
Malviyanagar 
286 mg/1 at Murlipura and 
Luniyawas. 
0 mg/1 at Jalmahal, Kho Nagoriyan, 
Chaura Rasta and Gandhi Circle 
286 mg/1 at Govindpura. 
Chloride: 
More then three quarters of the known chlorine content in 
the top most 16 km of the earth's crust and in the hydrosphere 
is dissolved in the ocean as chloride, which amounts on 
average to 19,400 mg/kg. 
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A small part of this amount owes its origin to weathering, 
because igneous rocks contain only 305 mg/kg precipitates 
and rest in resistates and hydrolysates. The bulk of the 
chloride in the ocean should however originate from degassing 
of the earth's crust by volcanic emanations, which early in 
Earth's history gave rise to the chlorine in the primeval 
atmosphere and oceans (Goldschmidth 1937, Behne 1953, 
Correns 1956). 
Chloride ions are not retained in permeable rocks. In 
more or less impermeable argillites NaCI crystals or Na-Cl 
solutions are contained in pores (Hem, 1970). Chloride ions 
are possibly held selectively because of their relatively large 
size and by osmosis in pore spaces in argillites, whereas the 
ions can escape, so that ultimately high concentrations can 
arise. 
Chlorides are eventually concentrated in marine and 
terrestrial evaporite deposits. The CI ion is cyclic; further 
more, it occurs in terrestrial dust, in volcanic emanations, and 
as man-made airborne pollutant in the atmosphere. The 
chloride content of the rainwater about lmg/1, rising to several 
tens of milligrams per litre near the sea; mostly however, it 
decreases rapidly inland. Chloride also enters into water 
through CI containing liquid and solid waste material, and in 
CI containing fertilizers, and highway salt, and thus joins the 
hydrologic cycle. Higher values of chloride indicate the 
admixture of mineralized waters or man-made pollution. 
Highest desirable limits of chloride in water for domestic 
use is 200 mg/1 and maximum permissible limit is 600 mg/1 
(WHO 1984). 
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The water samples of the study area show that chloride 
content of water is from at O.T.S. 34.08 mg/1 to 883.24 mg/1 at 
Jalmahal in pre-monsoon period while in post-monsoon period 
it ranges from 25.56 mg/1 to 999.68 mg/1 at Jalmahal. The 
chloride content of the water is under the maximum 
permissible limit at most of the places. 
Nitrate: 
Most nitrogen occurs as a gas in the atmosphere, but 
there is an important fraction in the soil, and bound in organic 
substances. In the lithosphere nitrogen is most often found in 
hydrolysates, at 600 mg/kg. 
Nitrogen compounds are added with rainwater. The 
ammonia content in precipitation is generally between 0.01 
and 1 mg/1. Over the ocean and in coastal areas typical values 
are between 0.15 and 0.5 mg/1. Nitrate is mostly present as 
traces in the precipitation. 
Biological processes transform nitrogen compounds. In 
the presence of oxygen, organically bound nitrogen is oxidized 
via amino acids and ammonia to nitrite and finally to nitrate. 
Many organisms reduce nitrate to elemental nitrogen or 
ammonia. 
Plants extract nitrogen as the nitrate from the soil. 
Soluble nitrogen compounds can be concentrated in closed 
basins in semiarid regions. Fertilizer application, animal 
husbandry, and liquid and solid wastes can locally increase the 
supply of soluble nitrogen compounds. 
Nitrate concentration mostly lies below 20 mg/1 in 80% 
of cases in the ground waters. 
Higher concentrations are found in areas under intensive 
cultivation. In airy regions high nitrate concentrations are 
quite common. 
Highest desirable limit of nitrate in ground waters for 
domestic uses is 45 mg/1 and maximum permissible limit of 
nitrate is also 45 mg/1 as prescribed by WHO (1984) and ISI 
(1993). Excessive nitrate content may cause clinical 
manifestations of disease called methemoglobinemia in 
infants. 
In the study area nitrate concentration during pre-
monsoon period varies from 98 mg/1 in Sinwar and Sirsi 
village to a maximum of 658 mg/1 in Brahmpuri. During post-
monsoon it is 92 mg/1 at Imli Phatak area and 642, mg/1 in 
Chaura-Rasta area, which is even much more higher than the 
maximum permissible limit. 
Fluoride: 
The majority of fluorine/fluorides found in nature are 
present in various rocks, soils, waters and other living 
organisms, slag and fluxes. The atmosphere contains very 
small amounts of fluorine. However, the content of fluoride is 
high in industrial areas, especially near aluminum plants and 
near factories manufacturing super phosphate fertilizer. 
Highest desirable limit of fluoride in water in 1.0 mg/1 
and maximum permissible limit is 1.5 mg/1 according to WHO 
water quality standards (1984). Fluoride is essential in small 
quantities for the prevention of dental caries especially in 
children but excessive amounts can lead to adverse effects. 
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Fluoride concentration in the water samples collected 
from the area of study vary form 0.46 mg/1 in Harmada Ghati 
to 2.65 in Sanganer area during pre-monsoon period and from 
0.04 in Govind deo Ji temple area to 1.82 in Sanganer area the 
fluoride content is seen to be more in the sanganer area during 
both periods. 
Trace Metal Contents: 
Elements that because of their low level of distribution in 
the Earth's crust, or their low geochemical mobility, occur 
only in very low concentrations, are known as trace elements. 
Modern analytical techniques e.g. concentration processes, 
atomic absorption, activation analysis etc. can be used to 
detect these elements and have proved their importance in 
allowing the estimation of the origin of waters concerned. 
Iron: 
Iron is one of the most important elements in igneous 
rocks, with an average concentration 42,200 mg/kg. It occurs 
especially in the dark-colored minerals. The bulk of the iron 
freed by weathering is transformed into only slightly soluble 
stable Fe-oxide and oxyhydroxides, which are generally 
deposited again after erosion. 
Iron plays an important biochemical role in the life 
cycles of plants and animals. Microorganism influences its 
occurrence in groundwater. Percolation water usually brings 
with it oxygen from the atmosphere and ground air so that in 
addition to other substances iron sulfide is oxidized. 
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High iron content can thus be associated with the 
oxidation of reduced iron mineral. The oxygen content of 
ground water is completely used up sooner or later by oxygen 
consuming reactions underground. 
As per drinking water quality standards given by WHO 
(1984) the highest desirable limit of iron content in water is 
0.1 mg/1 and waters with 1.0 mg/1 of iron content have the 
maximum permissible limit. 
In the study area the lowest concentration of iron is 0.038 
mg/1 in Sukhia village and highest concentration ranges upto 
12.90 mg/1 Machra near Harmada during pre-monsoon period. 
During Post-monsoon period iron content varies from 0.03 
mg/1 in Tilak Nagar to 12.95 mg/1 in Bindayaka. Which 
exceeds the maximum permissible limits of WHO. 
Chromium: 
Among the various oxidation states of chromium Cr^^ and 
Cr^^ are stable in water. The solubility of chromium is 
relatively low at pH 8-9.5 and in weakly reducing conditions. 
Chromium is relatively well distributed. Higher values are 
however rare. Chromate and dichromate contents are chiefly 
found in ground waters polluted by man. Chromium occurs in 
many forms naturally, it is used for making steel, chrome 
planting, dyes and pigments, leather tanning, and wood 
preserving. 
As per WHO standards, permissible limit of chromium in 
drinking water is 0.05 mg/1. 
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Chromium content in ground waters of the study area 
ranges from 0 mg/1 to maximum 0.082 mg/l at Sanganer during 
pre-monsoon period and during post-monsoon period chromium 
was found absent in all the water samples. 
Cobalt: 
Cobalt is quite abundant in igneous rocks; most of the 
highest concentrations occur in ultrabasic rocks and in 
company with other ores. Traces of cobalt are necessary as a 
nutrient in plants and animals. Hydrous iron and manganese 
oxides absorb cobalt, which together with low solubility 
explains why cobalt usually occurs only in trace elements. The 
solubility can however increase through formation of iron 
complexes. 
Cobalt content in study area varies from 0 mg/1 at various 
places to maximum of 0.069 mg/1 during pre-monsoon period. 
During post-monsoon period cobalt content in all water 
samples was undetectable. 
Nickel: 
Nickel is comparatively abundant and occurs 
preferentially in igneous rocks and in association with other 
ores. The solubility of nickel in waters is much higher than 
cobalt. 
In the study area nickel content of ground water samples 
ranges from 0 mg/1 to 0.018 mg/1 in Ramsinghpura Bas during 
pre-monsoon and during post-monsoon period it was 
undetectable. 
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Copper: 
Copper is a relatively common element in the lithosphere. 
It forms numerous mineral species, particularly sulfides, 
oxides, and hydroxyl carbonates. In reducing conditions in the 
presence of reduced sulfur species the solubility is even lower. 
Copper is necessary as a trace element in plant and animal 
metabolism and finds a wide use as a raw material in 
herbicides. The copper content in fresh water is generally very 
low. High concentrations occur in acid mine waters and in run 
off from tailing tips and launders. As per WHO standards 
(1984), highest desirable limit of copper in drinking waters is 
0.05 mg/1 and maximum permissible limit is 1.5 mg/1 
In the study area copper contents of water samples vary 
from 0 mg/1 to a maximum of 0.075 mg/1 during pre-monsoon 
period and during monsoon periods it was undetectable. The 
copper content in water of study area is under maximum 
permissible limits. 
Zinc: 
Zinc is a relatively common element. It can replace iron 
and manganese in silicate lattices and forms the mineral 
sphalerite. 
Zinc is universally used metal, hence occurs in waste, it 
is therefore found in the viccinity of metallurgical works, in 
flue gases, in mine tailings, and in wastes from processing 
plants. 
The actual zinc value is seldom limited by the solubility 
of zinc itself but apparently by its availability underground, so 
that it is useful for geochemical prospecting. 
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Highest desirable limit of zinc content in water for 
drinicing purpose is 5.0 mg/1 and maximum permissible limit is 
15 mg/1 as prescribed by WHO (1984). 
Zinc content of waters in study area varies from zero 
mg/1 at Bhankrota to a maximum of 1.1 mg/I in Machra during 
pre-monsoon period while during post-monsoon period it 
ranges from zero mg/1 at various places to 0.49 mg/1 at Imli 
Phatak. The concentration of zinc in ground water of study 
area is below highest desirable limit. 
Cadmium: 
The geochemically scarce element cadmium occurs in 
association with lead and zinc ores. Cadmium of various 
valances and their compounds occur naturally, cadmium has 
many uses including batteries, pigments, metal coatings, and 
plastics. Ground water is polluted with cadmium by runoffs 
from factory wastes and landfills. 
As per WHO guidelines for drinking water standards 
maximum permissible limit of cadmium in dirking water is 
0.003 mg/1 
Cadmium contents in the study area vary from 0.004 mg/1 
at Sukhia village to 0.008 mg/1 at Sukhupria during pre-
monsoon period and from 0.001 mg/1 in Govindpura to 0.005 
mg/1 at Gujar ki thadi during post-monsoon period. 
Concentrations of cadmium are higher in the study area. 
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Mercury: 
Mercury is generally undetectable in ground waters. 
Mercury can possibly enter into ground waters through man-
made pollution, particularly as a constituent of pesticides in 
areas of mining and general industrial wastes. 
Metallic mercury is used to produce chlorine gas and 
caustic soda, and is also used in thermometers, dental fillings 
and batteries. 
As per WHO standards, permissible limit of mercury in 
drinking water is 0.001 mg/1. 
In the study area during post-monsoon mercury was 
undetectable but in the pre-monsoon water samples mercury 
content varies from zero mg/1 to 0.44mg/l which is much 
beyond the maximum permissible limits of WHO. 
Lead: 
Lead is a naturally occurring metal and is distributed 
through rocks in the Earth's crust at low concentrations 
sometimes replacing potassium in silicates. 
Lead is a very useful metal used in batteries ammunition, 
soldering, insecticides and in high octane gasoline; it therefore 
can enter the ground through human activities, mostly by way 
of air pollution via incinerators, motor vehicle exhaust gases, 
gases from metal smelting, and lead containing pesticides and 
fertilizers, as wells as in solid and liquid waste, especially 
tailing from mineral processes. Lead compounds are found in 
fossil fuels and paints. 
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Because of the low solubility of the compounds of lead 
and its very low geochemical mobility in groundwater shows 
amounts of the order of a low micrograms per litre. How much 
lead leaches into the soil depends on the soil quality. 
Maximum permissible limit of lead in drinking water is 
0.01 mg/1 as per WHO drinking water standards (1984). 
In the study area the lead contents in water vary from 
0.004 mg/1 in Meenawala to 0.2 mg/1 in Khonagoriyan during 
pre-monsoon period while during post-monsoon periods it 
ranges from zero mg/1 at various places to a maximum of 0.09 
mg/1 at Shashtri Nagar. 
Manganese: 
Manganese is a relatively minor constituent of igneous 
rocks. Nevertheless, manganese can cause considerable 
difficulties as a troublesome ground water constituent. 
Manganese participates in plant metabolism and can be 
considerably accumulated in plant material. 
Manganese is detectable in minor amounts in most ground 
waters. In addition, under reducing conditions manganese 
concentrations above 1 mg/1 are relatively rare, but values 
down to 0.05 mg/1 will have an adverse effect on the potability 
of ground water. Higher concentrations can be observed in 
thermal waters. 
As per WHO standards for drinking water maximum 
permissible limit of manganese is 0.5 mg/1 and highest 
desirable limit is 0.05 mg/1. 
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In the study area the manganese content of water varies 
from 0.001 mg/1 in O.T.S. to 0.97 mg/1 in Brahmpuri during 
pre-monsoon and from zero mg/1 at various places to 0.092 
mg/1 in Gujar ki thadi. 
Table-XrV: Range Of Chemical Constituents In Water 
Samples And Their Comparison With WHO 
(1984) And ISI (1983) Drinking Water Standards 
Constituent 
PH 
Total 
Hardness 
Calcium 
Magnesium 
Nitrate 
Chloride 
Fluoride 
Sulphate 
Iron 
Copper 
Manganese 
Zinc 
Cadmium 
Lead 
Chromium 
Arsenic 
Mercury 
WHO 1984 
Highest 
desirable 
limit mg/1 
7.0-8.5 
100 
75 
-
45 
200 
1.0 
200 
0.1 
0.05 
0.05 
5.0 
-
-
-
0.01 
-
Maximum 
permissible 
Umit mg/1 
6.5-9.2 
500 
200 
150 
45 
600 
1.5 
400 
1.0 
1.5 
0.5 
15 
0.003 
0.01 
0.05 
0.05 
0.001 
ISI 
Highest 
desirable 
limit mg/1 
6.5-8.5 
300 
75 
30 
45 
250 
1.0 
150 
0.3 
0.05 
0.1 
5.0 
0.01 
0.1 
0.05 
-
-
Maximum 
permissible 
limit mg/1 
6.5-9.5 
600 
200 
100 
45 
1000 
1.5 
400 
1.5 
1.5 
0.5 
15 
No 
relaxation 
No 
relaxation 
No 
relaxation 
-
-
Concentration 
Variation in 
study area 
mg/1 
6.53-9.85 
76-860 
14.43-141.08 
0-286.74 
92-658 
25.56-999.68 
0.04-2.65 
14.81-499.38 
0.03-12.95 
0-0.075 
0-0.97 
0-1.1 
0.00-0.08 
0-0.2 
0-0.082 
-
0-0.44 
Environmentai Water Quality Standards: 
In specifying the quality characteristics of water, a 
complete statement requires chemical, physical, sanitary, 
bacterial, and biological analyses, 
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For ground water however, the chemical, physical, and 
bacterial analyses are most important, the other being pertinent 
only for unusual situation of a local character. 
A complete chemical analysis of a sample of ground 
water includes the determination of the concentrations of all of 
the inorganic constituents present. Dissolved salts in ground 
water occur as dissociations, in additions, other minor 
constituents are present and reported in elemental forms only. 
The common anions and cations found in ground waters, 
together with minor constituents, are listed in table (Table 
XIV). The analysis also includes measurement of pH and 
specific electrical conductance. Depending upon the purpose of 
the water quality investigation, a partial analysis of only 
particular constituents will sometimes suffice. 
Properties of a ground water evaluated in a physical 
analysis include temperature, colour, and turbidity. Odor and 
taste. Bacteriological analysis consists of tastes to detect the 
presence of coliform organism. Which indicate the sanitary 
quality of the water for human consumption. As certain 
coliform organisms are normally found in intestines of man 
and animals the presence of these in ground water is 
tantamount to its contact with sewage sources. 
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Table-XV: Major Constituents And Minor Constituents In 
Groundwaters 
Major constituents 
Calcium (Ca) 
Magnesium (Mg) 
Sodium (Na) 
Potassium (K) 
Carbonate (CO3) 
Bicarbonate (HCO3) 
Sulfate (SO4) 
Chloride (CI) 
Nitrate (NO3) 
Equivalent weight 
20.04 
12.16 
23.00 
39.10 
30.00 
61.01 
48.03 
35.46 
62.01 
Minor constituents 
Iron (Fe) 
Aluminum (Al) 
Silica (SiOz) 
Baron (B) 
Fluoride (F) 
Selenium (Se) 
Expression Of Water Analysis: 
Once a sample of ground water has been collected and 
analyzed in a laboratory, methods for reporting water analysis 
must be considered. From an under standing of expression and 
units for describing water quality, standards can be established 
so that analyses can be interpreted in terms of the ultimate 
purpose of the water supply. In the chemical analysis of 
ground water, concentrations of different ions are expressed by 
weight or by chemical equivalence. Total dissolved solids can 
be measured in terms of electrical conductivity. 
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Concentrations by Weight: 
Concentrations of the common ions found in ground 
water are often reported by weight in pats per million (ppm) 
one ppm defines one part by weight of the ion to a million 
parts by weight of water is numerically equivalent to 
milligrams per liter. 
The total ionic concentration (or total dissolved solids) is 
also reported in this manner. In irrigation practice, the unit 
tons of dissolved solids per acre-food of water (taj) is 
employed. 
Chemical Equivalence: 
Positively charged cations and negative onions combine 
and dissociate in definite weight rations. By expressing 
1 ppm = 
1 taj 
1 grain/U.S. gallen = 
1 meq/1 = 
meq/1 of ion = 
1 mg/1 
735 ppm 
17.1 ppm 
1 mg/1 = 1 epm 
ppm of ion/equivalent weight 
of ion 
1 meq/1 of cation =100 EC X 10^ 
1 ppm = 1.56 EC X 10^ 
Approximation for 
most natural waters 
in the range of 100 
to 5000 //mho/cm at 25°C 
In concentrations in equivalent weights these ratios are 
readily determined because one equivalent weight of an anion. 
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The equivalent weight of an ion is the ratio of its atomic 
weight to its valence. Because hydrogen with on equivalent 
weight of one serves as the reference element, these are in 
reality equivalent weight of hydrogen. For example the 
equivalent weight in grams (also known as the gram equivalent 
weight) of an ion or compound is that weight in grams that 
combines with or replaces on gram of hydrogen. 
For convenience, concentrations are reported in one 
thousandth of a graro equivalent weight per liter of solution; 
consequently, the unit milligram equivalent per liter (meq/1), 
or simply milliequivalent per liter (meq/1) is employed. 
Further more because one meg/1 of hydrogen equals one ppm 
of hydrogen. It can be said that one meq/1 equals one equivalen 
per million (epm) By definition then, an equivalen per million 
is an equivalent weight in grams of an ion or salt per one 
million grams of solution. This identity holds only if the 
specific gravity of the solution is 1.00, however, error 
introduced by this requirement are negligible for ground water. 
The concentration of an ion in ppm divided by the equivalent 
weight of the ion yields the number of meq/1 of the ion. 
In application, therefore it may be expected that of the 
total dissolved solids in a ground water. Sample, the sum of 
the cations and the sum of the onions when expressed in 
melliequivalents per liter will each equal half of the total 
concentration. 
It the chemical analysis of the various ionic constituents 
indicates a difference from this balance, it may be concluded 
either that there are other undermined constituents present or 
that errors exists in the analysis: 
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Water Quality Standards in Relation To Ir r igat ion: 
The concentration and composition of dissolved 
constituents in water determine its quality for irrigation use. 
Quality for water is an important consideration in any 
appraisal of salinity or alkali condition in an irrigation area, 
because effects of salts on soils, causing changes in soil 
structure, permeability and creation, indirectly affect plant 
growth. 
Utilization of water for irrigational purpose depends on 
many factors such as texture and composition of soil, type of 
crop, climate, irrigational practices, and finally chemical 
quality of water. With regard to the quantity of water for 
irrigation, the major parameters of concern are salinity 
denoted by dissolved solids and conductivity, potentially toxic 
trace elements and herbicides. Besides, the presence of sodium 
is also an important parameter, the excess of quantity of which 
can deteriorate the soils. High value of sodium may also 
damage the sensitive crops because of sodium phototoxicity. 
The suitability of water for agricultural purposes is 
dependant on the effects of the mineral constituents of the 
water on both plant and soil. Effects of salts on the soils 
causing changes in soil structure, permeability and aeration 
indirectly of affect plant growth. 
Specific limits of permissible salt concentration for 
irrigation water cannot be stated because of the wide 
variations in salinity tolerance among different workers. 
Organizations and agencies, including Kelly et.al (1940), 
Wilcox (1955), Eaton (1950), U.S. Salinity Laboratory (1954), 
Federal Water Pollution Control Federation (1968), 
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Environmental Protection Agency (1973), Ayers and Branson 
(1975) and Ayers and Westcot (1976) for evaluating the 
Suitability of water for agricultural purposes, 
i) Total Dissolved Solids: 
If the salt concentration in water increase, it is difficult 
to the plants to extract water. 
According to U.S. Salinity Laboratory (1954), the 
irrigation water is classified to determine: 
(a) Salinity hazards 
(b) Sodium hazards 
Salinity Hazards: 
Water in range of 450 to 1500 TDS in ppm can be used 
for irrigation under good management and if concentrations of 
salts are very high, there will be toxic effect of concentration 
salt, to the plants. The quality classification of irrigation water 
as suggested by U.S. Salinity Laboratory (1954) is given in 
(Table: XXVI). 
The values of electrical conductivity and sodium 
absorption are plotted in U.S. Salinity and alkali hazards. A 
perusal of (Tables XXXVIII, XXXXII and XXXXVI) and 
(Figs34, 35 and 36) shows that the water of the area at some 
places belongs to C3S1 and C3S2 which falls within the zone of 
low to medium sodium hazard but most places belongs to the 
categories medium and high salinity which falls within the 
zone of good to moderate water quality classes. 
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Table-XVI: Classification Of Irrigation Water (U.S. 
Salinity Laboratory 1954) 
Salinity 
Hazards E.G. 
in ;/S/cm 
< 250 
250-750 
750-2250 
>2250 
Class Salinity 
CiLow 
salinity water 
CiMedium 
salinity water 
CsHigh 
salinity water 
C4 Very High 
salinity water 
Alkali 
Hazards 
(S.A.R.) 
< 10 (S,) 
1 0 - 18 (S2) 
18-26 (S3) 
>26 (S4) 
Water class 
Excellent 
Good 
Moderate 
Poor 
The samples collected from Amer, Brahmpark, Sisodiya 
Garden, Bavri, Kho Nagoriyan, Tilwala, Banipark, Tilak 
Nagar, Durgapura, Vidhyadhar Nagar, and Murlipura fall in 
moderate to good zone of water classes. 
Sodium hazards: 
Soluble inorganic constituents of irrigatin water react 
with soils as ions rather than as molecule. The principal 
cations are calcium, magnesium, and sodium with small 
quantities of potassium ordinarily present. The principal 
anions are carbonate, bicarbonate, sulphate and chloride with 
fluoride and nitrate occurring in low concentrations. 
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The alkali hazard involved in the use of water for 
irrigation is determined by absolute and relative 
concentrations. If the proportion of sodium is high, alkali 
hazard is high and conversely if calcium and magnesium 
predominate, the hazard low. Alkali sorts are formed by 
accumulation of exchangeable sodium and are often 
characterized by poor till and low permeability. High 
concentration of sodium relative to calcium and magnesium in 
irrigation waters adversely affect the soil structure. The 
cations in the soil solution become fixed on the surface of day 
particles. When high sodium waters are applied to soil, the 
number of sodium ions, combined with the soil increases white 
on equivalent of calcium, or other ions, is displaced. Sodium 
tends to deflocculate and effects (reduced) porosity and 
permeability of the soil. In an apposite case where calcium is 
dominated cation, the exchange occurs in the reverse direction, 
creating a flocculated and more permeable soil. The addition 
of gypsum (CaS04) to sort results in the improvement of soil 
texture and drain ability through base exchange process. 
The adverse affect on sort caused by high concentrations 
of sodium is known, as sodium hazard index used for 
predicting the sodium hazard of irrigation water is the 
concentrations of sodium and proportion of sodium to calcium 
and magnesium, which is known as sodium adsorption ratio 
(S.A.R.) as proposed by U.S. Agriculture Department may be 
defined by equation. 
SAR= , ^^ 
VCo + Mg/2 
98 
Where Na, Ca and Mg are in emp (milli-equivalent per 
litre). Sodium adsorption ratio of soil solution is simply 
related to adsorption of sodium by soil; consequently, this 
ratio has certain advantages for use as index of Sodium or 
alkali hazard of water, 
The concentration of soil solution is increased by 
extraction of water from soil by root and by evaporation as the 
quantity of salt absorbed by plants is relatively small, the salt 
remained in the soil are more concentrated than the applied 
irrigation water, in next irrigation this more concentrated 
solution may be displaced downward or diluted, and so the 
concentration of solution in contact with the soil varies with 
time and location in the irrigation water. It is reasonable to 
assume, that for limited zone of soil, such as the top 12 inches, 
the concentration of the soil solution is not, on the average 
more than 2 or 3 times the concentration of irrigation water, 
under conditions, in the soil where it is permissible to neglect 
precipitation and absorption of soluble salts by roots. 
It is clear that irrigation water, after entering the soil, 
becomes more concentrated without change in its relative 
composition, i.e. if the soluble sodium percentage does not 
change .The SAR value, however, increase in proportion to the 
square root of total concentration i.e. if the concentratration is 
quadrupled, the S.A.R. value will be doubled. It has observed 
that where an irrigation waier of relatively constant 
composition is used and drainage conditions are good. 
This implies that the cation exchange material of the soil 
has reached a steady state relative to contions in the solution, 
which are derived from irrigation. 
99 
Classification of Irrigation Water: 
Classification of irrigation water with respect to SAR is 
based primarily on the effect of exchangeable sodium and 
physical conditions of soil. Sodium sensible plants may, 
however, suffer injury as a result of sodium accumulation in 
plant tissues when exchangeable sodium values are low than 
those effective in causing deterioration in the physical 
conditions of the soil. Four classes of irrigation water 
according to SAR values are given below: 
1. Low Sodium Water (Si): 
Low sodium water can be used for irrigation on almost all 
soils with little danger of the development of harmful levels of 
exchangeable sodium. However, Sodium sensitive crops such 
as stone fruit trees may accumulate injurious concentrations of 
sodium. 
2. Medium Sodium Water (S2): 
Medium sodium water may be caused by appreciable 
sodium hazard in fine textured soils having high cation 
exchange capacity-especially under low leaching conditions, 
unless gypsum (CasS04) is present in the soil. 
This water may be used on coarse textured or organic soil with 
good permeability. 
3. High Sodium Water (S3): 
High sodium water may produce harmful exchangeable 
salts in moist soils and will require special soil management, 
good drainage, high leaching and organic matter. 
100 
Addition of gypsiferrous soil may not develop harmful 
levels of exchangeable sodium from such waters. Chemical 
amendments may be required for the replacement of 
exchangeable sodium, except the amendments, which may not 
be feasible with waters of high salinity. 
4. Very High Sodium Water (S4): 
Very high sodium water is generally discarded except at 
low and perhaps medium salinity. Use of gypsum or other 
amendments may make the use of this water feasible. Some 
times the irrigation water very may dissolve sufficient calcium 
from calcareous soils to decrease the sodium hazard 
appreciably and this would be taken into account in the use of 
class S3 and S4 be improved by addition of gypsum to water. 
Similarly, it may be beneficial to use gypsum addition to soil 
periodically when class S3 and S2 water are used. 
Goel (1997) has suggested criteria based on different 
chemical constituents and SAR values for irrigation purposes. 
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Table-XVII: Suitability Of Water With Different 
Constituents For Irrigation 
Class 
of 
water 
I 
II 
III 
IDS 
(ppm) 
0-700 
700-200 
>2000 
Sulphate 
(ppm) 
0-192 
192-482 
>482 
Chloride 
(ppm) 
0-142 
142-355 
>355 
% Na 
0-60 
60-75 
>75 
E.C. 
(/iS/cm.) 
0-750 
750-
2250 
>2250 
Suitability 
for 
irrigations 
Excellent 
to good for 
irrigation 
Good or 
injurious 
suitable 
only with 
permeable 
soil and 
moderate 
leaching, 
harmful to 
selective 
Unfit for 
irrigation 
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Table-XVIII: Suitability Of Water For Irrigation With 
Different Values Of SAR. 
S.A.R. 
0-10 
10-18 
18.26 
>26 
Suitability for irrigation 
Suitable for the types of crops and all types of soils 
except for those crops which are highly sensitive to 
sodium 
Suitable for coarse textured or organic soils with 
good permeability. Relatively unsuitable for fine 
textured soils 
Suitable for coarse textured or organic soils with 
good drainage high leaching and gypsum addition. 
Unsuitable for irrigation. 
While comparing the data of the present investigation 
with the above classification (Table-XVIII), it is seen that in 
general the water of the area fall in 1st class of all types of 
crops and all types of soil except for those which are highly 
sensitive for sodium. 
Ayers and Branson (1975) and Federal Water Pollution 
Control Federation U.S.A. (1968) have proposed tolerance 
limit of trace elements for irrigation (Table-XIX). While 
comparing the contents of trace elements in water of the study 
area with standard limits, it is found that the concentrations of 
trace elements are well within the oermissible limit. 
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Table-XIX: Trace Elements Tolerance Limit (Mg/L) Of 
Irrigation Water As Proposed By FWPCF (1968) 
And Ayers And Branson (1975) 
Trace 
elements 
Copper 
Iron 
Manganese 
Zinc 
Cadmium 
Lead 
Chromium 
Lithium 
Water use 
1968) 
Continuous 
0.2 
-
2.0 
5.0 
0.005 
5.0 
5.0 
5.0 
(FWPCF, 
Short term 
in fine 
textured 
soil 
5.0 
-
5.0 
10.0 
0.05 
10.0 
0.05 
5.0 
Water use (Ayers 
Branson, 1975) 
Continuous 
0.2 
5.0 
0.2 
2.0 
0.01 
5.0 
0.1 
2.5 
and 
Short term 
in fine 
textured 
soil 
5.0 
15.0 
10.0 
1.0 
0.05 
10.0 
1.0 
2.5 
Water Quality Standards in Relation To Domestic Use: 
Quality limits of water supplied for drinking purposes, 
established by different organizations are described. In view of 
the direct consumption of water by human beings, the domestic 
water supply is considered to be the most critical use of water. 
Drinking water standards are based on the presence of 
substances with adverse physiological effects. 
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Various national and international organizations like Indian 
Council of Medical Research (1975), NTAC, Indian standard 
Institute (1983) and World Health Organization (1984) have 
formulated certain drinking water standards. The main 
objective of these guidelines is to safeguard the health of the 
people and to combat pollution hazards. 
The chemical data of the samples of the study area are 
compared with the drinking water standards of World Health 
Organization (1984) and Indian Standards Institute (ISI, 1983). 
Table XIV shows that the concentration Ca, Mg, SO4, CI 
and are below the maximum permissible limits of WHO (1984) 
and ISI (1983) and nitrate, fluoride, and sulphate contents 
were found more than maximum permissible limits of WHO 
(1984), ISI (1983) at some places. The values of total hardness 
exceed maximum permissible limit at some places while in 
most parts of the area it is under maximum permissible limits. 
Exceeding values of calcium and magnesium contents give rise 
to higher values of total hardness in those areas. 
Trace elements like copper, zinc, iron, and manganese are 
essential constituents of water and are required for human 
health but high contents of these elements may be harmful for 
the human beings. Iron content of the waters from study are is 
exceedingly high at some places while it is within permissible 
limits at other areas. Copper and zinc are within permissible 
limits in all water samples (WHO, 1984, ISI 1983). 
105 
Manganese and chromium concentrations are also within 
permissible limits. Lead, Cadmium, arsenic and mercury are 
toxic elements for drinking purposes. 
Mercury contents are high at some places while it is 
found under maximum permissible limits (WHO, 1984, ISI 
1983). Lead was absent in most of the water samples but where 
found it exceeds the maximum permissible limits. Cadmium is 
under maximum permissible limits (WHO, 1984, ISI, 1983). 
Table-XX: United States Environmental Protection Agency 
Proposed Criteria For Water Quality Used For 
Irrigation, Livestock, And Public Water Supply. 
Characteristic 
Cd 
Cr 
Cu 
Pb 
Mn 
Ni 
Na 
Zn 
CI 
T.H. 
D.O. 
PH 
Irrigation ppm 
0.017 
0.053 (20 yrs) 
1.0 (20yrs) 
5.0 (20yrs) 
10.0 (20yrs) 
2.0 (20yrs) 
No limit 
-
No limit 
-
-
4.5-9.0 
Livestock ppm 
-
1.0 
0.5 
0.1 
No limit 
-
-
25 
-
-
-
-
Public supply 
ppm 
0.01 
0.05 
1.00 
0.05 
0.05 
-
-
15 
No limit 
No limit 
No limit 
5.0-9.0 
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Table-XXI: U.P.Public 
Stan 
Health Drinking 
dards 
Water 
Chemical constituents 
Pb 
F 
As 
Selenium 
CT 
Cu 
Fet Mn 
Mg 
Zn 
CI 
SO4 
Phenols 
Total solids (desirable) 
Total solids (permitted) 
Upper limit ppm 
0.01 
1.5 
0.05 
0.05 
0.05 
3.0 
0.30 
125.0 
15 0 
250.0 
250.0 
0.001 
500.0 
1000.00 
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Table-XXII: United States Environmental Protection 
Agency Proposed Criteria For Water Quality 
Used For Irrigation, Livestoclc, And Public 
Water Supply. 
Characteristic 
Cd 
Cr 
Cu 
Pb 
Mn 
Ni 
Na 
Zn 
CI 
T.H. 
D.O. 
pH 
Irrigation ppm 
0.017 
0.053 (20yrs) 
1.0 (20yrs) 
5.0 (20yrs) 
10.0 (20yrs) 
2.0 (20yrs) 
No limit 
-
No limit 
-
-
4.5-9.0 
Livestock ppm 
-
1.0 
0.5 
0.1 
No limit 
-
-
25 
-
-
-
-
Public supply 
ppm 
0.01 
0.05 
1.00 
0.05 
0.05 
-
-
15 
250 
No limit 
No limit 
0.05 
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Table-XXIII: ICMR, NTAC Water Quality Criteria 
For Public 
Water supply 
Characteristic 
Coliform 
Cadimum 
Chloride 
Lead 
Manganese 
Cr 
Zn 
Cu 
As 
NO3 
Hg 
Cyanide 
pH 
ICMR (ppm) 
-
0.01 
-
0.01 
-
-
-
-
0.05 
-
0.001 
0.05 
-
NTA C (ppm) 
-
0.01 
250 
0.05 
0.05 
0.05 
5.0 
1.0 
0.05 
-
-
-
6-8.6 
ICMR: Indian Council of Medical Research 
NTAC: National Technical Advisory commitee. 
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CHAPTER - 6 
POLLUTION HAZARDS 
Water Pollution: 
The signs of water pollution have been obvious to even 
the most casual observer, drinking water tastes bad, masses of 
aquatic weeds are growing unchecked in many bodies of water; 
ocean beaches; rivers and lakes emit disgusting odours; game 
and commercial fish are decreasing in numbers, and the meat 
of some of them is tainted; and oil can be seen floating on the 
surface of some bodies of water or deposited as scum on 
beaches. The diversity of these signs and effects reveals the 
complexity of the problem. The origins of these problems 
could be attributed to many sources and type of pollutants. 
Some overlap between categories has been unavoidable 
because some wastes are having more than pollution. Raw 
sewage, for example, has been an oxygen demanding waste, 
which may be having disease causing agents and plant 
nutrients. 
Oxygen-demanding Wastes: 
Wastes are primarily organic materials that are oxidized 
by bacteria to carbon dioxide and water. These substances have 
been deleterious because their decomposition gives rise to 
oxygen depletion in both fresh water and marine systems. 
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They also produce unaesthetic odours, endanger water 
supplies, and decrease the recreational value of waterways. 
COD (chemicals oxygen demand) tests have been using 
strong oxidizing compounds, like potassium permanganate, to 
oxidize even some materials that have been not biologically 
degradable; COD values will be larger than BOD values. 
Sewage and other oxygen demanding wastes have been 
classified as water pollutants because their degradation leads 
to oxygen depletion, which affects (and even kills) fish and 
other aquatic life; because they cause annoying odours; 
because they impair domestic and livestock water supplies by 
affecting taste, odours, and colours and because they may give 
rise to scum and solids that make water unfit for recreational 
use. 
Although some inorganic substances occur in this 
category, most oxygen-demanding wastes are organic 
compounds. Pollutants in this category typically come from 
such sources as sewage, both domestic and animal; industrial 
wastes from food processing plants; wastes from paper mill 
activities; tanning operation by-products; and effluent from 
slaughterhouses and meat-packing plants. The effects of 
adding these materials to water have been a function of the 
amount of water available for dilution. For this reason, it has 
been not surprising to find that low DO problems have been 
especially common in late summer and early fall, when water 
levels are normally low. 
Most compounds involved in this type of pollution have 
carbon as their most abundant elements. One reaction they 
undergo, with bacterial help, is the oxidation of carbon to CO2. 
I l l 
C+02->C02 
In this reaction 32 grams of oxygen are needed to oxidize 
12 grams of carbon. The carbon can thus be thought of as 
demanding nearly three times its weight in oxygen for the 
reaction to take place. On this basis, 9 ppm of oxygen would 
be required to react with approximately 3 ppm of dissolved 
carbon. This amounts to a reaction between the dissolved 
oxygen from a gallon of water and a small drop of oil. It 
becomes easy to see how waters can quickly be depleted of 
dissolved oxygen. 
As oxygen-demanding waste rapidly deplete the DO of 
water, it has been important to be able to estimate the amount 
of these pollutants in a given body of water. The biochemical 
oxygen demand (BOD) of water has been a quantity related to 
the amount of wastes presents. In a water sample, the BOD 
indicates the amount of dissolved oxygen used up during the 
oxidation of oxygen-demanding wastes. It could be found out 
by incubating a sample of water for five days at 20°C. The 
amount of oxygen consumed (BOD) could be found out by 
chemical determination of the DO concentration of the water 
before and after incubation. 
A BOD of one ppm has been characteristic of nearly pure 
water. Water has been regarded fairly pure with a BOD value 
reaches 5 ppm, and of doubtful purity when the BOD value 
reaches 5 ppm, public health authorities object to run-off 
entering streams if the BOD of the run-off exceeds 20 ppm. A 
comparison of these BOD levels with the range of values 
characteristics of the sources given in table (Table XXIV) 
reveals the seriousness of the problem. Obviously, the 
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pollutants of table (Table XXIV) reveal the seriousness of the 
problem. 
Obviously, the pollutants of table must be highly diluted 
upon entering water if the dissolved oxygen is not to be 
rapidly and completely depleted. The problem has been 
especially critical for bodies of water already low in dissolved. 
Table-XXIV: Characteristic BOD Levels 
Source 
Untreated municipal sewage 
Run-ofif from barnyards and feed lots 
Food processing wastes 
BOD Range (ppm) 
100-400 
100-10,000 
100-10,000 
The disappearance of plant and animal life is an obvious 
result of the oxygen depletion of water. This occurs by a direct 
killing effect or because of migrations to other areas. A less 
obvious but important result has been a shift in water 
conditions from those favoring aerobic (oxygen required) 
activity to those that support anaerobic (oxygen not needed) 
activity. This occurs when the oxygen levels become so low 
that the aerobic microorganisms are destroyed or driven away 
and anaerobic ones take their place. 
Methane (CH4) has been odorless and flammable; amines 
are having a fishy smell; a hydrogen sulphide is bad smelling 
and toxic; and some phosphorus compounds have unpleasant 
odours. 
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When these contributions are added to the odours of 
decaying fish or algae, it becomes apparent that a shift from 
aerobic to anaerobic conditions of decomposition is not one, 
which is favored by users of fresh air. 
Disease-Causing Agents: 
Generally, routine monitoring of water supplies employs 
the MPN (Most Probable Number) Methods. This analysis 
determines the most probable number of intestinal bacteria that 
occur in a given water sample. Although these organisms have 
been not pathogenic, their concentration is a fairly reliable 
indicator of possible pathogenic contamination of a given 
water supply. 
Water has been a potential carries of pathogenic 
microorganisms and can endanger health and life. The 
pathogens most frequently transmitted through water have been 
those responsible for infections of the intestinal tract (typhoid 
and para-typhoid fevers, dysentery, and cholera) and those 
responsible for polio and infectious hepatitis. Historically, the 
prevention of water-borne disease was the primary reason for 
pollution control in water. 
Modern disinfections techniques have greatly reduced 
this danger. This is not true for some large parts of the world, 
where, for example, cholera epidemics are still common. The 
fact that such disease-causing agents are under control must 
not result in a sense of false security. The occurrence of a 
polluted water supply leading to an outbreak of disease is 
always a possibility. 
114 
The responsible organisms are present in the feces or 
urine of infected people and are ultimately discharged into a 
water supply. 
Even though it might seem desirable, a direct check for 
these organisms is not routinely performed on water supplies. 
Instead, indirect methods are used for the following reasons. 
Pathogens have been likely to gain entrance into water only 
sporadically, and once in the water they do not survive for 
long periods of time. Consequently; routine sampling could 
easily miss their presence. Laboratory procedures are likely to 
fail to detect pathogens that are present in very small numbers. 
Also it requires 24 hours or longer to get results from a 
laboratory examination. If pathogen were found in a water 
sample, it is likely that many people already would have used 
the water and is subject to infection. 
An indicator or organism, Coliform bacteria, has been 
forming the basis of the indirect method commonly used. 
These begining organisms live in the large intestine and absorb 
nutrients from their surroundings. They incite no diseases and 
have been always present in feacas. Their presence in water is 
an indication of feacal discharge into the water. These 
organisms have been present in large numbers, making their 
detection quite easy. 
It is estimated that an average person per day excretes 
billions. These natural inhabitants of the human bowel do not 
find environmental conditions in natural waters suitable for 
multiplication and, in fact, they begin to die rapidly. 
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Their presence in water samples therefore allows a rough 
diagnosis to be made the time elapsed since fecal 
contamination took place. If fecal contamination is recent, it 
can be regarded that pathogenic organisms may be present 
along with the harmless coliform bacteria. The absence of 
coliform bacteria means that recent intestinal discharges are 
not present in the water, and presumably the water is free of 
pathogen. 
It should be mentioned that bacteria responsible for the 
decomposition of the organic constituents of sewage are 
having no sanitary or public health significance. They do not 
occur in the intestinal tracts of man or animals, and they have 
been not pathogenic. 
Waste water released from municipalities, senitoria, 
tanning and slaughtering plants may be source of bacteria or 
other micro-organisms which are capable of producing disease 
in men and animals, including livestock. Andy fair-sized 
community at any given times has been likely to have some 
persons who are diseased so that disease micro-organisms are 
almost always present is sewage. 
There have been several types of human infections, not 
all of which care transmissible through water (Table XXV). 
Many of the disease whose epidemics recurrently decimate 
human. 
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Table-XXV: Examples Of Human Infections 
A. Animal infections. that are of public health importance 
because they are transmissible to man. 
1. Tetanus from horses and cattle transmitted by inoculation 
or contact with animal feces. 
2. Bubonic plague form wild rodents by insect (flea) bite. 
3. Anthrax from herbivorous animals by direct contact. 
4. Rabies from dogs, bats, etc, by bites. 
5. Bovine tuberculosis from cattle through ingestion or air-
borne transmission. 
6. Jungle yellow fever from monkeys through mosquito 
bites. 
7. Several types of encephalitis from birds and fowl through 
mosquito bites. 
8. Trichinosis from swine through ingestion. 
B, Primarily human infections in which the infective agent has 
a certain period of extrahuman residence before 
transmission. 
1. Schistosomiasis ("snail fever") from water from snails. 
2. Urban yellow fever from mosquitoes. 
3. Hookworm form soil by skin penetration. 
4. Malaria (also a mosquito infection) from mosquitoes. 
5. Typhus from lice. 
117 
C. Infections that persist or multiply in the external 
environment and are transmissible from man to man 
1. Cholera, typhoid fever, bacillary dysentery, 
poliomyelitis, and infectious hepatitis from water and 
food through ingestion. 
2. Staphylococcal and streptococcal diseases from food, air 
and the proximate environment through contact and 
inhalation. 
3. Smallpox from air, dust, and the proximate environment 
through inhalation. 
4. Coxsackie and ECHOvirus disease from water through 
ingestion. 
Populations get transmitted by water, however, cholera 
and typhoid being important examples. 
The identification of pathogens is water needs very large 
samples and many sophisticated techniques and is too time-
consuming and expensive for routine population tests. The 
standard method involves determination of the most probable 
number (MPN) of coliform organisms in the water sample. 
Coliform bacteria like Escherichia coli have been normal 
inhabitants of human and animal intestines, and the daily per 
capita excretion in human feces may number from 125 to 400 
billion. These organisms will get reduced in number in the 
water by death in the non-normal environment and by their 
removal and destruction in wastewater and drinking water 
treatment processes. 
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Although coliform organisms have been not pathogens 
and are not affected by the environment in exactly the same 
manner as pathogens, their existence and density has proved to 
be a fairly reliable indicator of the adequacy of treatment for 
reducing pathogens, and coliform tests are therefore widely 
used. 
Plant Nutrients: 
Nutrients are an important limiting factor in the growth 
of all plants. With all other factors equal, the rate and 
profuseness of plant growth are proportional to the amount of 
nutrient available. 
Phosphorus and nitrogen enter fresh and marine systems 
and lead to or intensify eutrophication of this system. These 
nutrients tend to accumulate in groundwater since it is out of 
the euphoric zone. As the groundwater moves laterally and 
reaches the surface waters, these materials add to the nutrient 
levels already present. 
Plant nutrients like nitrogen and phosphorus are able to 
stimulate the growth of aquatic plants, which get interfere with 
water use and later decay to produce disagreeable and add to 
the BOD of water. Excess algal growths all of particular 
concern because treatment problem for municipalities and 
industries, in addition to interfering with recreational uses. 
Plant nutrient concentrations have been generally expressed in 
ppm by weight or milligrams per litre (mg/1), which have been 
essentially equal in water. 
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In general it has been the concentration of soluble 
inorganic nitrogen and phosphorus that has been of importance 
and are care must be taken in expressing the levels to 
distinguish between elements and compounds, such as between 
phosphorus and phosphates. 
The enrichment of water with nutrients is a naturally 
occurring biological process called eutrophication. The term 
comes from two Greek words meaning, "well nourished". This 
enrichment leads to other show processes collectively referred 
to as natural aging of lakes. In some pollution articles, the 
term europhication includes both nutrient enrichment and lake 
aging processes. The existence of peat and muck soils and 
deposits of coal and oil are proof that eutrophication and aging 
have been taken place in the past. The steps in eutrophication 
and aging of a lake have been as follows: 
1. Streams from a drainage basin gradually bring soil and 
nutrients to a newly formed lake, increasing the fertility 
of the lake water. 
2. The increased fertility leads to an accumulating growth of 
aquatic organisms, both plant and animal. 
3. As living matter increases and organic deposits pile up on 
the bottom of the lake, it becomes more shallow, warmer, 
and richer in nutrients. 
4. Plants take root at the bottom and gradually occupy more 
and more of the space. Their remains accelerate the 
filling of the basin. 
5. The lake gradually becomes a marsh and finally a field or 
forest as it has been overrun by vegetation. 
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The time needed for this aging process to be completed 
could be measured in thousands of years. The actual time 
depends upon the size and mineral content of the basin, and 
the climate. 
In a strict sense, eutrophication is not regarded to be a 
matter of water pollution, because it takes place naturally and 
some necessary or aquatic life could not survive. 
It does become a pollution problem when man, through his 
activities, accelerates the process and the resultant aging of 
lakes. The high concentration of nutrients resulting when 
natural and man-caused contributions combine produces rapid 
plant growth which first becomes apparent as algae blooms. 
The term bloom has been used when the concentration of 
individual species exceeds 500 individuals per milliliter of 
water. 
The algae blooms and large amounts of other aquatic 
weeds create numerous problems. The excessive plant growth 
has been generally unsightly and interferes with recreational 
uses of water. The blooms are also countributing unpleasant 
tastes and odours to water and become consumers of dissolved 
oxygen upon dying and decaying. This latter process given rise 
to the deoxygenation effects previously discussed. 
The growth of green plants, including algae, needs the 
availability of from fifteen to twenty elements, which, together 
with their chemical symbols, have been given in table (Table-
XXVI). The relative amounts of these elements needed for 
plant growth depend upon the species involved. The values 
have been based on chemical analysis of the dried algae. 
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Table-XXVI: Elements Necessary For PI 
Carbon (C) 
Hydrogen (H) 
Oxygen (0) 
Nitrogen (N) 
Phosphorus (P) 
Sulphur (S) 
Potassium (K) 
Magnesium (Mg) 
Calcium (Ca) 
Sodium (Na) 
Iron (Fe) 
Manganese (MN) 
Copper (Cu) 
Zinc (Zn) 
ant Growth 
Boron (B) 
Vanadium (V) 
Chlorine (CI) 
Molybdenum (Mo) 
Cobalt (Co) 
Silicon (Si) 
It is apparent that the major element needed for growth of 
these algae is carbon. Nearly 1 is needed to produce. 1.0 lb of 
dry Anabena algae. Nitrogen, potassium, and phosphorus flow 
in importance for the Microcystis and Anabena algae. 
Most elements essential for plant growth have been 
available to the plant in amounts well in excess of the plant's 
needs. A few, however, have been present in amount very close 
to the quantities required for plant growth. The plant almost to 
the point of exhaustion may use these. Considerable interest 
gets centered ground these elements because they appear to 
behave as natural controls in preventing excessive plant 
growth. The growth of a plant will cease when the least 
available element gets depleted. Man's role in eutrophication 
appears to be one of increasing the amounts of these growth-
limiting elements. Great charges in the availability of some 
elements in water have taken place through man's activities, 
It has been generally agreed that nitrogen has been a 
limiting nutrient in some lakes and in many or perhaps most 
estuarine and coastal water. 
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Carbon appears to be a limiting factor only under restricted 
circumstances such as those present in extremely eutrophic 
soft-water lakes. 
Both nitrogen and phosphorus occur in small amounts in 
natural waters, but their concentrations get greatly increased 
by the activities of man. As much as 80 percent of the nitrogen 
and 75 per cent of the phosphorus added to surface waters 
originate from man-made sources. The community has been 
made up of 10 million people and the nutrients are put into a 
river discharging 15,000 cubic feet of water per second into 
the estuaries. It is regarded that 20 volumes of seawater dilute 
each volume of discharged river water. 
The dominant source of phosphorus has been seen to be 
sewage, whereas nitrogen in various forms has been supplied 
in nearly equal amounts by sewage treatment plants, storm-
water run-off, and subsurface seawater. 
The phosphorus content of domestic sewage is becoming 
a topic of concern. It is estimated that up to 70 per cent of this 
comes from the use of household detergents, and it should be 
subject to rather easy control procedures. The elimination of 
phosphorus compounds from detergents has been discussed at 
great length at another place. 
Algae growth needs many different nutrients like-carbon 
dioxide, nitrogen, phosphorus, iron, manganese, boron, cobalt, 
vitamins, hormones, etc. The eliminating of any one of the 
essential nutrients would not allow algae growth but there is 
an active scientific controversy about which nutrients should 
be controlled. 
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It is generally felt that control of nitrogen and 
phosphorus would be best but some scientists think that the 
availability of carbon is a much more important limitation, and 
the large amounts of phosphorus present in the sediments in 
lakes and rivers yield a vast reservoir available for the grov^ t^h 
of algae. More research has been needed to establish, for 
example, whether or not CO2 from air and rain has been 
sufficient to stimulate algae growth or whether CO2 production 
by bacterial decompositions of organic matter is necessary. 
Not much information is available about comparative 
natural and man-made sources of nutrient in waterways. The 
estimates made by Ferguson are reproduced in table (Table-
XXVII). Using the total stream flow and taking the minimum 
phosphorus tonnage from the table, he estimates the average 
concentration of phosphorus in waterways to be 0.26 ppm of 
which 0.08-ppm come from phosphates in detergents. 
Phosphate removal from detergents might be able to alleviate 
algae growth problems in some arrears but not in all, and the 
same has been reported to be true of phosphate removal from 
wastewater by advanced treatment methods. 
Table-XXVlI: Natural And Man-Generated Sources Of Nitrogen And 
Phosphorus, (data are in thousands of metric tons per year) 
Source 
Natural 
Man-generated 
Domestic sewage 
Runoff from urban land 
Runoff from land on which animals 
are kept 
Total 
Nitrogen 
470-1900 
1810 
605 
90 
190 
2280-3710 
Phosphorus 
110-320 
310-460 
175-200 
20 
75 
420-780 
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Synthetic Organic Chemical: 
Organic chemical can be considered to be any compound 
that contains one or more carbon atoms in its molecular 
structure. Organics that commonly enter waterways are 
pesticides, detergents, and hydrocarbons. The term pesticide 
may be applied to any material, which is used to kill pests and 
covers insecticides, herbicides rodenticides, and fungicides. 
The exotic organic chemicals include surfactants in 
detergents, pesticides, various industrial products, and the 
decomposition products of other organic compounds. Analysis 
of polluted waters reveal the presence of a wide variety of 
these compounds and many others have been probably not 
being detected. Concentrations are generally expressed in ppm 
by weight (equal to mg/1). Some of these compounds have 
been found to be toxic to fish at very low concentrations, such 
as Ippm phenol. 
Many are not biologically degradable, or are degraded 
only very slowly. As many new chemical compounds get 
introduced each year without much knowledge of their effects 
on natural ecosystems, there exists always a possibility that 
irreversible damage might get cause before scientists could be 
able to realize it. 
Laundry detergents, a common constituent of wastewater, 
have been another organic contaminate. Detergents consist of 
two major components: a surfactant or sudsing agent and a 
series of builders. 
The surfactant lowers the surface tension of the wash water, 
concentrates, and is preferentially absorbed at the surface and 
thereby replaces the dirt. 
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After the dirt has been removed (replaced by the 
surfactant) the surfactant could be removed in the rinse water. 
The builders isolate the common elements found in hard water 
(calcium and magnesium), which would tend to interfere with 
the action of the surfactant. The surfactant or sudsing agent 
can become a problem, as it is not readily broken down by 
bacterial action and has a long residence time. Even in 
relatively low concentrations, it can cause water to form foam. 
In additions as detergents have been contributing a large 
amount of phosphorus to wastewater without a corresponding 
addition of nitrogen, a nitrogen/phosphorus imbalance will 
take take place when this material enters either marine or 
fresh-water systems. 
Hydrocarbons, in the form of gasoline and motor oil, 
although insoluble in water, have been carried from roadways 
and parking areas in rainwater runoff sumps (surface-water 
catchment basins) accept the water from these area via a 
system of storm drains the water and associated hydrocarbons 
percolate down into the water-table some storm drain empty 
directly into the neaest surface-water body carry storm water 
and associated hydrocarbons directly into the waterway. 
Much more work is needed to determine the relationships 
to the environment of many of synthetic organic compounds. 
The following facts are known about them: 
1. Some have been resistant to biochemical breakdown by 
natural water bacteria or waste treatment processes and 
therefore persist for extended periods of time in water. 
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2. Some have been responsible for objectionable and 
offensive tastes, odours, and colours of some fish and 
shellfish taken from polluted water. 
3. Some have been toxic to fish and other aquatic life when 
present in very low concentrations. 
As the use of these compounds has been expanding so 
rapidly, it has been important that facts be determined. The 
distribution, fate, and potentially hazardous effects must be 
the topics of future research. 
Oil: 
The production, distribution, and use of such large yearly 
quantities results in some oil contamination of the 
environment. Some of this contamination is accidental, some is 
not. 
Inorganic Chemicals And Mineral Substances: 
This category of water pollutants have been including 
inorganic salts, mineral acids, and finely metals or metal 
compujnds. These substances enter natural waters because of 
activities in various smelting, metallurgical, and chemical 
industries; mine drainage; and various natural processes. The 
presences of these bring about three general effects; the 
acidity, salinity, and toxicity of the water may be increased. 
Inorganic chemicals of many types enter water from 
municipal and industrial wastewaters and urban runoff. They 
are also measured in ppm by weight or mg/1. 
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These pollutants are able to kill or injure fish and other 
aquatic life and they can interfere with the suitability or water 
for drinking or industrial use. Many of these inorganic are not 
only toxic but tend to concentrate in food chains. 
A prominent example has been the occurrence of mercury 
in water. 
A number of industrial processes make use of mercury, 
some of which is eventually disposed of wastewater effluents. 
It is now known, that anaerobic bacteria in bottom muds can 
convert inorganic mercury into methyl mercury (CHaHg^), 
which can be concentrated in living things and lead to mercury 
poisoning. 
One potential pollutant arises in petroleum drilling, 
where brine gets discharged along with crude oil when the 
latter is pumped to the surface. In some places the brines have 
proved voluble sources of important minerals and elements, 
such as bromine, iodine, and magnesium. 
Another very important problem, is acid mine drainage. 
On exposed coalmine surfaces, minerals, containing sulphur 
(most notably iron pyrite, FeS2) come into contact with air and 
water, forming sulphuric acid that has been carried into 
streams by water darning from the mines. This takes place 
from abandoned mines as well as operating mines and has been 
most pronounce in bituminous coal mines. 
During mining operations in deep mines, these strata 
between the coal seam and the surface have been invariably 
disturbed. Fissures appear through which water drains into the 
mine from many surface areas. 
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This water containing the harmful pollution ants is 
eventually discharged into surface, streams, either naturally or 
through man-made processes. Damaging mine drainage is 
formed in surface mines if the surface run-off water comes in 
contact with pyrite-containing coal. 
About 60 per cent of the mine drainage pollution 
problems originate in mines once worked but now abandoned. 
There has been still a great deal of research needed if the 
problems of acid mine drainage have been to be solved. 
Coal mining has been not the only source of acidic water 
pollutants. Other types of mining make their contributions, as 
do various other industries. Large amounts of acid have been 
used to clean oxides and grease from metals. The used acids 
from these picking operations have been becoming serious 
problems in some localized areas. 
Due to the presence in solution of carbonate (COs^") and 
bicarbonate (HCO3") ions, the pH of most productive, fresh 
natural waters lies between 6.5 and 8.5. 
This natural buffer system makes it possible for small 
amounts of acid or bases to dissolve in the waters without 
making appreciable changes in the pH. The ions also represent 
an indispensable reservoir for carbon needed by aquatic plants 
during photosynthesis. Such use of these ions by plants can 
influence the buffering capacity of water, as there is a decided 
limit on the rate at which CO2 (the source COs^' and HCO3") 
can be obtained from the atmosphere to replace that used by 
plants. 
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Large influxes of strong acid have been able to 
overwhelm this buffering ability of water and bring about 
drastic drops in pH values. The effects of these changes 
depend upon the magnitude of the pH drop involved. Some 
effects have been as follows: 
(a) Aquatic Life Destruction: At pH levels below 4.0, all 
vertebrates, most invertebrates, and many 
microorganisms get destroyed. Most higher plants are 
eliminated, leaving only a few algae and bacteria. 
Acid mine drainage is one of the primary causes of 
fish kills. Excessive precipitation increases the mine 
drainage output and compounds the problem. During 
high water seasons (winter and spring), the pH of the 
waters in some areas has been reported to be as low 
as 2.5. 
(b) Corrosion: Water having a pH lower than 6.0 can 
bring about excessive corrosion of plumbing systems, 
boats, piers, and related structures. 
(c) Agricultural Crop Damage: Acidity and alkalinity of 
irrigation water have been usually of little 
consequence over a pH range of 4.5-9.0, as the soil 
has been a buffered system. Problems may arise if the 
pH drops below 4.5. Such acidic water increase the 
solubility of such substances as Fe, Al, and Mg salts. 
These ions, at the resulting high concentrations, have 
been sometimes toxic to plants. 
Salinity of water has been not an uncommon observation. 
About 97 per cent of the total water in the world occurs in 
oceans and sea in the form of salt water. 
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It is common knowledge that such water is not suitable of 
consumption by man. The remaining three percent is classified 
as fresh water, but is can and does acquire salinity. The 
sources of salinity have been varied and include: 
(a) Industrial Effluents: Inorganic salts form a major 
constituent of many industrial effluents. Salts are the 
products of acid-base neutralizations, many of which 
find use in various smelting. Metallurgical, and 
chemical industries. Acid mine drainage can also 
cause salts to be formed. 
(b) Irrigation: Water used in irrigation is able to 
dissolve large amounts of minerals as it percolates 
down through soil. 
(c) Salt Brines: Occasionally, salt brines from mines or 
oil wells get released into normally fresh water. 
(d) Ocean Salt: Large river normally does not allow salt 
water of the ocean from backing up by their 
continuous outflow. During times of low run-off, 
river currents may be overcome by tidal flow from 
the sea with the result that salty water may move 
many miles upstream. 
(e) Highway Use: The use of salt on highways to melt 
winter ice and snow has been creating serious 
problems in rural area of numerous countries. 
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Salt from the highways has killed nearby trees and 
shrubberies of frontage homesteads. Worse still, the 
salt gets penetrated into the groundwater and polluted 
rural wells. 
Large amounts of salinity in water cause problems other 
than those related to human consumption. Dissolve inorganic 
and mineral substances extern effects on animal and plant life 
and cause many irrigation problems in the agriculture industry. 
Damage to aquatic life is primarily related to the osmosis 
process, assuming the dissolved substances are non-toxic. 
Generally, the concentration of dissolved materials in body 
fluids is the maximum that an aquatic organism can tolerate. 
When these organisms are in contact with water containing 
higher concentrations, there is a tendency for water to move 
out of the cells organism into the surrounding water. The 
resulting increase in concentration within the cells of the 
organism can lead to death. Many fresh water species 
disappear when waters becomes brackish. 
One of the most serious long-term effects of increased 
salinity of water involves the use and re-use of water in 
irrigation. It has been estimated that about 25 percent of the 
irrigated land of the world is now affected to some degree by 
water salinity. Irrigation water brought onto a field always 
contains some dissolved salts. The concentration of these salts 
is in the range of 25-80 mg/1. Plants extract water from the 
irrigated field, but the roots exclude most of the dissolved 
salts. 
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Water that evaporates from the soil surface leaves 
dissolved salts behind. These two processes make residual 
salts to accumulate in the soil. 
In order to preserve the salt balance of the soil and avoid 
damage to crops, the excess salt accumulation have to be 
leached from the soil with excess irrigation water. 
Hence, drainage water from the soil is having an 
increased concentration of salts, which it carries back to the 
general water supply. Irrigation does not actually procedure a 
pollutant in the form of dissolved salts but merely returns the 
salts to the general water supply in more concentrated water. 
In order to illustrate the serious nature of this problem, it 
is assumed that 20 percent of the total water flow in a river is 
withdrawn, used for irrigation, and returned at each of four 
successive project along the river. The relative concentration 
of dissolved salts in the river would increase from and initial 
value of 1.00 to 1.25, 1.67, 2.50, and 5.00 following each 
usage. 
Table XXVIII shows general crop responses to various 
concentrations of total dissolved inorganic solids (TDS) in 
irrigation water. In order to put these figures into perspective, 
its is worth mentioning that the Colorado River has a TDS of 
750 mg/1 by the time it reaches the Imperial Dam in 
California. Also, the recommended TDS level for drinking 
water has been less than 200 mg/1, and the permissible 
maximum has been 500 mg/1. A farmer who applies 5 feet of 
water during the growing season in the Imperial Valley in 
California also applies six tons of dissolved salts per acre. 
133 
All crops exhibit decreased growth and yield with 
increasing water salinity. The salinity is expressed in terms of 
electricity conductivity (EC) of a saturated extract of the soil. 
The EC values can be related to actual concentrations by use 
of table (Table XXVIII). 
In addition to total salt content, the nature of the 
individual salt components exerts effects on the soil. These 
components can be changed by pervious use of water. For 
example, electrical conductivity. 
Table- XXVIII: Crop Responses 
Crop response 
Water for which no detrimental effects 
will usually be noticed 
Water which can have detrimental 
Effects on sensitive crops 
Water that may have adverse effects 
on many crops and requiring careful 
management practices 
Water that can be used for sah tolerant 
plant on permeable soils with careful 
management practices 
TDS mg/1 
<500 
500-1,000 
1,000-2,000 
2,000-5,000 
EC' mmhos/cm 
<0.75 
0.75-1.50 
1.50-3.00 
3.00-7.50 
Water used in municipal and some industrial applications 
has been softened before use. The ions Ca^ "^  and Mg^^ are 
replaced by Na^ concentration adversely affect soils and plants 
by breaking up soil aggregates and making the soil to become 
highly impermeable. 
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The toxic properties of numerous inorganic compounds, 
especially those of some of the heavier metallic elements, have 
been known for years. Some of these compounds are having 
desirable properties and so are routinely manufactured. 
Appropriate precautions are taken to insure the safety of 
individual involved in the manufacturing process. 
Sediments: 
Sediments are soil and mineral particles, which are 
washed from the land by storms and floodwaters, from 
croplands, unprotected forest soils, overgrazed pastures, strip 
mines, roads, and bulldozed urban areas. Sediments are able to 
fill stream channels and reservoirs; erode power turbines and 
pumping equipment; reduce the amount of sunlight available to 
green aquatic plants; plug water filters; and blanket fish nests, 
spawn, and food supplies, thus reducing the fish and shellfish 
populations. 
On a global scale it has been reported that the mass of 
material moved annually by rivers to the ocean was 9.3 billion 
metric tons before man's intervention and is now 24 billion 
metric tons, which would mean that the continents are now 
begin lowered at the rate of 5.8 cm (2.3 inches) every 1000 
years. (Man also moves small amount of sediments from the 
sea to the land, as in dredging). The problem of the 
disappearance of the continents has been not as the problem of 
the loss of valuable topsoil from agriculturally productive 
land, of course. 
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Sediments are almost regarded as a type of pollution due 
to the naturally occurring process of erosion. Sediments 
produced by that process do represent the most extensive 
pollutants of surface water. It is estimated that suspended solid 
loadings reaching natural waters have been at least 700 times 
as large as the solid loading from sewage discharge. 
Sediments production is a tedious problem in some parts 
of the world. This variation is not all tedious caused by man's 
activities, but also involves the type of soil, geology, 
topography, precipitation, and vegetation cover. 
The detrimental effects of sediment in water are: 
1. Stream Channel, harbour, and river basin filled. This 
makes channels to overflow more easily, changes flow 
rates and depths of channels, and reduces the useful life 
of reservoirs. Expensive dredging is needed to counteract 
these effects. 
2. Destroys Aquatic animals. Sediment setting on the bottom 
lowers fish and shellfish populations by blanketing fish 
nests and fodd supplies. 
3. Reduces Light Penetration into water. The reaction in the 
amount of sunlight penetration into the water lowers the 
rate of photosynthesis by plants, which in turn results in 
a decreased production of oxygen needed for normal 
stream balance. 
4. Water is Clouled. It increases the cost treating water used 
for culinary purposes. Sediment passing through power 
plant turbines makes serious abrasion and wear. 
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The hunting ability of fish gets curtailed if they depend 
on their vision. 
Radioactive Materials: 
Harmful radiation may result in water environments from 
the wastes of uranium and thorium mining and refining, from 
nuclear power plants; and from industrial, medical, and 
scientific utilization of radioactive materials. 
Many radioactive substances are lethal at relatively low 
concentrations and in minute amounts may be mutagenic. 
Uranium and its decay products are elements, which have 
highly unstable nuclei. The disintegration of these nuclei gives 
rise to radioactive emissions, which may be highly injurious, 
even lethal, to living organisms. 
These tailings create a radiation pollution problem as 
they contain radioactive decay products of uranium. Two of 
these radioactive materials as thorium-230 (^ggTh) and radium-
226 (^gRa), Substance like these can be dissolved or eroded 
from piles of tailing by rainfall, and thus they can get mixed 
up into the general water supply. Radium and thorium is 
chemically similar to calcium and so get absorbed by the nones 
when taken in6to the body. Some waters in the Colordo River 
Basin have had the concentration of ^ R a increase to about 
double the maximum level permissible for human consumption. 
The grading of tailing piles and planting vegetation has 
been taken to reduce erosion and has been followed to some 
extent. However, this method does bring down bring down the 
quantity of tailing radiation in surface waters. 
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An important source of radioisotopes is nuclear weapons 
testing. The amount and variety of radioactive materials 
formed depends on the type of weapon tested. 
Some of the radioisotopes have a very short half-life and 
last only a few seconds or minutes, and some others may have 
a half-life of several hundred years. These materials reach the 
earth as radioactive fallout. Before the first test explosions 
were conducted, it was thought that fallout (dust and debris) 
would fall to earth quickly and at not great distance from the 
detonations site, thus the spread of radioactivity would be 
limited. However these assumptions have proved wrong, 
especially in the case of large explosions. Radioactive 
particles can, remain suspended in the air long enough to 
circle the globe many times, dispersing as they go. 
It is true, however, that the main effects of atmospheric testing 
are found in the immediate vicinity of the detonation site. 
Because of concern about such fallout in 1963, of the Limited 
Nuclear Test Ban Treaty was signed. 
The purpose of underground detonations, carried out in 
the U.S. at the Nevada test site, is to limit the amount of 
atmospheric fallout, and in majority of cases this is achieved 
occasionally accidental releases of radiation reach the 
atmosphere due to "venting" at the explosion site. When this 
happens, radioactive gases are forced up through the hole used 
of place the explosives. The leakage may take place through 
channels left for control and monitoring cables, natural cracks 
or fissures in the rock. Fractures formed by the blast, or 
combinations of these. Sometimes venting occurs when the 
materials used to fill the hole are simply blown out. 
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Leakage may immediately take place after the explosion 
or later, when rock and earth fall into the cavity formed by the 
explosion and leave a channel for gas venting. 
In only 12 of 190 tests conducted at the Nevada site from 
1961 through 1981 venting were reported different amount of 
radiation are released. It is released near ground level and so 
poses no worldwide fallout problems, but it may result in very 
serious local hazards. 
Atmospheric fallout, irrespective of the sources, can have 
far-reaching effects and can be conveyed to man in a number 
of ways. The effects of radioisotopes on man can be 
illustrated. 
Strontium-90 (^Sr), a component of radioactive fallout 
which has a half-life of 28 years, is chemically similar to 
calcium is absorbed from soil by plants and passed on to 
animals, where it is used in the formation of bones and teeth. 
Man gets calcium from both plant and animal sources like 
milk, vegetables, and cereal grains. Strontium is produced it 
form these sources and, due t chemical similarities to calcium 
it is also deposited in bones and teeth. The marrow of bones it 
the main site of blood-cell formation. The presence of 
radioactive strontium-90 in the surrounding bone tissue 
seriously curtails this, which may result n production anemia 
or more serious disorders. 
Cesium-137 (jj^Cs), which is chemically similar to 
potassium, is a common constituent of all living cells. Cesium 
from fallout passes to man through contaminates meat and 
dairy products or contaminated grains and leafy vegetables. 
139 
Cesium contamination of foods results in the same effects 
strontium contamination. The soft parts of the body, specially 
the muscles, are badly affected by the presence of cesium. 
More and more of nuclear energy is being produced so as 
to meet the ever increasing demand for electrical power. 
Nuclear generators are better s compared to more commonly 
used types. Because, nuclear energy is cheaper to use than that 
form conventional sources such as fossil fuels or falling water. 
Moreover, nuclear generators do not produce any SO2 or 
particulate pollutants commonly produced by fossil-fuel 
burning generators. By the year 2000, nuclear power is 
expected to be the main source of electric power generation. 
Nuclear power plants are different from conventional 
electricity generating facilities. In the conventionally fueled 
power plant, fossil fuel is burnt to produce heat while in a 
nuclear plant the heat is generated by a nuclear reaction. In 
both the heat produces steam, which turns a generator and 
produces electricity. 
A typical nuclear reactor uses the fuel which as a mixture 
of uranium-235 ("2^). These isotopes are packed into stainless 
steel or zirconium tubes in the form of uranium oxide pellets. 
The total fuel load of a reactor core may consist of hundred 
tons or more of uranium oxide. The fuel-containing tubes are 
spaced in such a way as to sustain a controlled nuclear chain 
reaction of the uranium atoms. This reaction generates large 
amounts of heat energy. The temperature of this reacting core 
is maintained at about lOOO^F with the help of circulating 
coolant. 
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Generally the coolant is water, which, is while 
circulating among the fuel elements, between becomes heated 
to boiling. The steam formed is used to turn the turbine of an 
electrical generator. 
After passing through the turbine, this stream gets 
condensed and cooled by a secondary cooling system, 
generally made up of water from a nearby river or lake. The 
cooler water is then sent to the reactor core and the cycle 
begins again. 
In some cases, a liquid metal (often sodium) is circulated 
through the reactor core, than to a heat exchanger where water 
is heated. The resulting steam drives a generator and the liquid 
metal recirculates. This type of arrangement adds the necessity 
of a heat exchange system between the reactor and generator 
turbine. 
Four types of pollutants that are formed by nuclear 
generating plants are under: 
1. Low level radioactive liquid waters. Radioactive 
isotopes are produced when impurities in the primary coolant 
water and corrosion products from coolant pipes are 
bombarded and neutrons from the core area. The cab be 
avoided to some degree by using dematerialized coolant water. 
This type of waste in now disposed of these days by sealing it 
in containers that are afterwards dropped into the ocean. There 
are unknowns in this disposal technique, such as the lifetime 
of the containers used, the waste within them, and the 
direction and speeds with which the containers or their 
contents move when subjected to underwater currents. 
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2. Heat: The secondary cooling system takes away huge 
amounts of heat the reactors and mixes it into natural water 
supplies. 
A variety of research laboratories, including medical and 
biochemical facilities, dump radioactive wastes into the air 
and sewer systems. It is not now feasible to attempt to collect 
and dispose of these materials. Nor is it feasible to collect and 
bury the large amounts of radioisotope-containing liquids, 
solids, and gases forward by laboratory uses other than 
research, like diagnostics or treatment. Presently the amounts 
of radioactive waste discharged from such laboratory sources 
poses no threat to natural communities of plants, animals, and 
man. 
3. Liquid and gaseous wastes from fuel elements: 
Complete sealing of the fuel in steel of zirconium containers is 
apparently impossible to attain or sustain. Minute cracks allow 
fission products to escape into the primary coolant. This 
further complicates the disposal problem of low level wastes 
discussed earlier. 
5. Fission products: When in 1-3 years, fission products (the 
ashes of nuclear fuels) accumulate to the point that they 
absorb sufficient neutrons to slow or stop the chain 
reaction. Then the extremely radioactive fuel elements 
are removed and shipped in special containers to a fuel 
reprocessing plant. In these plants the fission products 
are separated from the remaining usable fuel. 
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The fuel is returned to the reactor where it is used and 
the waste fission products are stored, in liquid form, in 
huge underground stainless steel tanks, hundreds of 
millions of gallons of these high level wastes are now in 
storage. 
Heat: 
Vast amounts of water finds use for cooling purpose by 
steam electric power plants (and other industries to a lesser 
extent). Cooling water is discharged at a raised temperature, 
and some rivers may have their temperatures so high (even up 
to 40*'C) that fish life completely gets eliminated and the river 
becomes useless for assimilation or pollution on further 
cooling. 
Increasing the water temperature of a system, is harmful 
since it generally alters the chemical, physical and biological 
characteristics of that system. In addition to the possibility of 
decreasing or eliminating various aquatic forms, it may also 
stimulate spawing at a time of year when food supplies are 
limited. This leads to starvation of the newly spawned 
individuals in the population. High temperatures also decrease 
the density and viscosity of water, causing an increased 
settling rate of suspended solids. Evaporation rate is increased 
and, in marine systems, this may lead to localized areas of 
abnormally high salinity. 
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Used coolant water frequently may be having a 
temperature 20°F higher than the river or stream to w^hich it 
gets returned. This added heat raises the temperature of the 
natural wasters, with the results that: (1) the amount of 
dissolved oxygen in the water gets decreased; (2) the rates sf 
chemical reactions have been increased; (3) false temperature 
cues have been given to aquatic life; and (4) lethal temperature 
limits may be exceeded. 
The addition of heated water to a cooler, body of water 
may accelerate the lowering of DO levels due to density 
differences between the two. The less dense warm water tend 
to form a layer on top of the cooler, denser water. This occurs 
particularly when the body of cool receiving water is deep. 
The resulting blanket of "hot" water cannot dissolve as much 
atmospheric oxygen as the underlying cold water, which is 
denied contact with the atmosphere. Normal biological 
reduction of the DO level of the atmospherically unreplenished 
lower layer may give rise to anaerobic conditions. 
Another effect of this stratification may show up 
downstream from a dam when the oxygen deficient lower level 
gets discharged through the lower gates of a dam. Serious 
effects on downstream fish life may result. Also, the ability of 
the stream below the dam to assimilate oxygen-demanding 
wastes will get curtailed. 
The effects of heat in water have been sometimes seen in 
nature independent of man's interference. On hot summer days 
the temperature of shallow waters sometimes reaches a point, 
which disallow a DO level sufficient to support some life. 
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Under these conditions, suffocated fish are often occurred on 
the surface. 
However, the available oxygen in such water getes 
decreased. Thus, thermal pollution affects fish in a double 
decreased fashion. 
The life cycle and natural processes of many aquatic 
organisms have been closely and delicately geared to water 
temperature. Fish often migrate, spawn and are otherwise 
distributed in response to water temperature cues. 
Shellfish, such as oysters spawn within a few hours, after 
their environment reaches a critical temperature. These normal 
life patterns of aquatic organism can get completely disrupted 
by artificial change in water temperatures. 
A problem of thermal pollution not related to aquatic life 
has been the reduced cooling capability of warmed waters. It is 
important because nuclear reactor power sources need about 50 
percent more cooling water for a given temperature increase 
than similar power plants using fossil fuels, and it appears that 
nuclear plants will find use extensively in the future. 
Different solutions to the thermal pollution problem have 
been postulated and some have been already in use. Several 
industries have incorporated cooling towers into their 
operations to remove heat from cooling water before returning 
it to the natural water supply. Two types of towers, wet and 
dry, have been used. Water is run over baffles in a thin layer 
in the wet tower. Cool air, entering at the bottom, circulates 
upward and removes heat from the water. In dry towers, air is 
forced over water-containing pipes by huge fans. Radiation 
convection from the pipes exchanges heat. 
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Domestic Water Pollution: 
It includes wastewater from homes and commercial 
establishments. Domestic wastewater arises from many small 
sources spread over a fairly wide area but is transmitted by 
sewers to a muncipal waste treatment plant. 
Generally, the impurities in domestic wastes get diluted 
and seldom total more than 0.1 per cent of the total mass. 
This material has been largely organic and gets oxidized 
by bacterial decomposition to nitrate, phosphate, carbon 
dioxide, and water. As this type of decomposition needs the 
use of dissolved oxygen, it places an oxygen demand on the 
system. Because of this tendency to remove oxygen in the 
decomposition process, a common indicator used to monitor 
this type of input in receiving waters bas been the BOD 
(Biological Oxygen Demand) Test. In this analysis the amount 
of oxygen for decomposition is measured over a 5-day period. 
In systems receiving significant amounts of organic material, 
the bacterial decomposition will remove large amounts of 
dissolved oxygen, which causes oxygen depletion. These 
systems are considered to have a high BOD. Conversely, when 
the input of contaminants is absent or minimal, the oxygen 
levels will not be drastically reduced because the bacteria will 
not need an excessive amount of oxygen to decompose small 
amounts of materials. In these cases there would be a low BOD 
in the system. 
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Although approximately 70 percent of the population of 
the world is domiciled in buildings connected to sewage-
treatment systems, the majority of these systems has been 
inadequate or inefficient and consists mainly of either primary 
or secondary treatment. These systems bring sewage to a 
central treatment facility and, after minimal treatment, release 
this material into waterways, lakes, oceans, or estuaries. This 
practice of concentrating sewage, subjecting it to minimal 
treatment. And then releasing the effluent leads to high 
phosphorus and nitrogen levels, as well as reduced oxygen 
concentration in many of the receiving water. 
The remaining 30 percent of the population have been 
residing in areas that are unsewered and either release raw 
sewage into waterways or relies on cesspools or septic tanks 
for waste disposal. Sewage disposal by means of cesspools or 
septic tanks leads to serious localized problems. Release of 
raw sewage into waterways is able to intensify the problems, 
which are associated primary or secondary treatment. 
Industrial Water Pollution: 
This occurs in large amounts in specific locations, 
making collection and treatment fairly simple to accomplish. 
There are water-using factories, which are discharging wastes 
with a total BOD load about three to fours times as large as the 
load from the sewered population. Only about 7 or 8 percent 
on industrial wastewater have been disposed of in municipal 
sewer systems but, as mentioned above, they constitute about 
half the total municipal load. 
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As industrial pollution is found in large amount in 
specific geographic areas, the collection and treatment of these 
materials should be easy to accomplish. Unfortunately, only a 
small percentage of the approximately 300,000 factories using 
and contaminating water in their manufacturing processes 
adequately treat the water prior to its release. 
As the specific type or types of industrial contamination 
vary with the geography and natural resources of a particular 
locality, no attempt has been made here to correlate water 
contaminants on a regional basis but merely to identify the 
possible sources of contamination. 
Waste from textile manufacturing processes could be 
generated from the washing out of impurities in the fibres, as 
well as in the discarding of chemicals used in the processing 
of the fibres. Generally, these wastes have been organic, have 
a high BOD, and are extremely alkaline. 
Food-processing wastes from meat, dairy, and sugar-beet 
processing, as well as brewing, distilling and canning 
operations, generate large amounts of organic by-products that 
have been disposed off in waste water. When the wastewater is 
discharged, along with these by-products, it leads to high 
BODs and consequent oxygen depletion in the receiving water 
via the same bacterial process involved in the decomposition 
of domestic wastes. 
The effluent released from pulp and paper processing 
operations has been a mixture of chemicals used in the 
digestion of raw wood chips, cellulose fibres, and dissolved 
lignin. 
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This wastewater also has paper and wood preservatives, 
like pentachlorophenol and sodium pentachlorophenate, as well 
as methyl mercaptan, all of which have been toxic to fish. 
This effluent has been brov/nish in colour and lowers the 
photosynthetic rate of aquatic communities by hindering 
sunlight penetration into the water column. 
Consequently, the organic wastes from these plants 
increase the BOD of the receiving water, while colour 
imptarted to the water interferes with sunlight penetration, 
reduces photosynthesis, and further lowers oxygen levels. 
Metal industries keep a wide array of contaminants in 
their wastewater the specific contaminants and concentrations 
depends solely on the particular manufacturing process 
employed. For example, steel mills employ and contaminate 
water in the coking of coal, the pickling of steel, and the 
washing of flue gases from blast furnaces. These waters, after 
use, tend to be acidic and have various deleterious substances 
like phenol, cyanogens, ore, coke, and fine suspended solids. 
Other industries release traces of the metals produced or plated 
in their wastewater. Metals commonly found in these 
wastewaters, have been chromium, mercury, nickel, lead, 
copper, and cadmium. 
A variety of contaminants enter marine and fresh water 
environments in the effluents released from the various 
chemical-manufacturing plants. The release of acids results not 
only from acid manufacturing processes but form practically al 
* 
other chemical manufacturing processes as well. 
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In addition, synthetic fibres (e.g., rayons), bases, 
pesticides, and other organic and inorganic chemicals have 
been added, depending on the products being manufactured. 
Most of the Indian rivers and fresh water streams are 
seriously polluted by industrial wastes or effluents which come 
along waste of different industries such as petro-chemical 
complexes; fertilizer factories; oil refineries; pulp, paper, 
textile, sugar and steel mills, tanneries, distilleries, cola 
washeries, synthetic material plants for drugs, fibres, rubber, 
plastics, etc. 
The industrial wastes of these industries and mills 
include metals (copper (Cu), zinc (Zn), lead (Pb), mercury 
(Hg), etc.), detergents, petroleum, acids, alkalies, phenols, 
carbonates, alcohols, cyanide, arsenic, chlorine and many other 
inorganic and organic toxicants. All of these chemicals of 
industrial waste have been toxic to animals and may bring 
about death or sublethal pathology of the liver, kidneys, 
reproductive systems, respiratory systems, or nervous systems 
in both invertebrate and vertebrate aquatic animals (Wilbur, 
1969). Chlorine, which is added to water to control growth of 
algae and bacteria in the cooling system of power station, may 
persist in streams to cause mortality of plankton and fish. 
Heavy fish mortality in river Son near Dehrionh-Son in Bihar 
is reported cause by free chlorine content of the chemical 
wastes discharged by factories near Mirzapur in U.P. 
Mercury like other heavy metals such as lead and 
cadmium has cropped up as a toxic agent of serious nature. 
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Mercury, a by-product of the production of vinyl-
chloride, is used in many chemical industries and it is also a 
by-product of some incinerators, power plants, laboratories 
and even hospitals, (Aaronson, 1971). 
In Japan, illness and even death occurred in the 1950s 
among fishermen who ingested fish, crabs, and shellfish 
contaminated with methyl mercury from Japanese coastal 
industries. This mercury poisoning produced a crippling an 
often-fatal disease called Minamata disease. Initial symptoms 
of minamata disease include damage of the limbs, lips, and 
tongue, impairment of motor control, deafness, and blurring of 
vision. 
Cellular degeneration occurred in the cerebellum, mid-
brain, and cerebral cortex and this led to spasticity, figidity, 
stupor and coma. In Japan in 1953, due to Minamata diseases 
17 percent sons died and 23 become permanenty disabled. 
In India, all the 14 major rivers have become polluted. 
The river Damodar is perhaps the most heavily polluted river. 
River Mini-Mahi in Baroda has been another heavily polluted 
river, which is having a variety of industrial and petrochemical 
wastes. The river Cooum flowing through Madras has been got 
polluted by sewage so much that not even the zooplanktons 
have been able to thrive in it. One litre of Cooum water is 
having as much as 900 mg of iron, 275 mg of lead, 1313 mg of 
nickel and 32 mg of zinc. Besides heavy metals, very high 
levels of phosphates, silicates and nitrates also occur in the 
water. Sulphate levels ranging from 80-90 mg 1"' were the 
highest recorded among Indian river (The Times of India, May 
27, 1987). 
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The river Ganga from Hardwar to Calcutta is regarded as 
one unending sewer which is fit only to carry urban liquid 
waste, half burnt dead bodies, carrion, pesticides and 
insecticides. Nearly 312 industrial units are dumping their 
waste into the river; only a dozen have effluent 
treatment facilities. 
The 27 cities contribute 902 million litres of wastewater 
to the river each day. The water of Ganga affects the health of 
250 million people of northern India. 
Many of our lakes, notably the Dal Lake, are becoming 
darkened, smelly and choked with excessive growth of algae. 
Agricultural Water Pollution: 
It includes sediments, fertilizers, and farm animal wastes. 
These pollutants can all enter waterways as runoff from 
agricultural lands but farm animal wastes are can especially 
large problem near the large feedlots on which thousands of 
animals are concentrated. 
Agricultural waste includes the pesticides that are 
sprayed on crops, as well as sediments, fertilizers, and animal 
debris that are carried into waterways during periods of 
rainfall or as runoff and during the irrigation of farmland. 
Wastes generated by farm animals are also included in this 
category. Until the mid-1950s animals wastes posed little 
problem, because they were, for the most part, reused as 
fertilizer. With the advent of agribusiness, however, the trend 
has been to ship the animals to large feedlots for fattening 
prior to marketing. 
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This practice of keeping large numbers of animals in a 
small area has led to an excess of animal wastes generated in 
an confined to a given area, where it has been economically 
impossible to distribute wastes for reuse as fertilizers. 
These materials become a problem when they are allowed 
to enter waterways during the cleaning of the confinement are 
or during periods of heavy rainfall, when runoff, carries them 
into adjacent waterways. Since these wastes are organic, they 
increase the BOD of the receiving waters. 
Inorganic fertilizers, being plant nutrients, lead to over-
fertilization of waterways when they enter these systems 
through runoff or during irrigation. 
The addition of excess plant nutrients can lead to a 
disturbance of the phosphorus/pitrogen balance these systems 
as well as excessive plant growth. When the plants die, they 
settle to the bottom and, since they are organic, increase the 
BOD of the system during decomposition. 
A remarkably large number of pesticides have come into 
widespread use in rerent years. Many of these compounds have 
been not only non-biodegradable but also are only slightly 
soluble in water. Consequently, when sprayed on cropland they 
remain in the soil for long periods of time. During periods of 
heavy rainfall or when the crops are irrigated, they tend to be 
carried, as suspended particles, into surface, marine, or 
groundwater systems. 
In both fresh and marine systems they enter the food 
chain, undergo concentration in non-target organisms, and 
increase in animals tissue to alarming levels. 
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In surface, fresh, and ground water systems they may also 
enter the drinking-water supplies of various communities. 
Solid Waste Pollution: 
Solid waste varies in composition with the socio-
economic status of the generating community. The following 
materials could be classified as solid waste: 
(a) Garbage, which include al decomposable, wastes 
from households, as well as for food, canning, freezing, 
and meat-processing operation that are not disposed of in 
wastewater. 
(b) Rubbish includes all non-decomposable wastes. 
These materials may be either combustible or non-
combustible. Combustible materials would include garden 
wastes, cloth, and paper. Non-combustible materials 
include masonry, some chemicals, metals, and glass. 
(c) Sewage sludge is generated from the settling 
processes in primary, secondary, and tertiary treatment 
methods, as well as the solids from cesspools, which 
must be removed periodically. 
(d) Miscellaneous material include industrial wastes, 
such as chemical, paint, and explosives, as well as 
mining wastes, such as slag heaps and mine tailings. 
154 
The disposal of solid waste poses many problems, 
depending upon both the type of waste and the disposal method 
employed. The majority of the waste classified as combustible-
rubbish, garbage, and sewage sludge-has been disposed of by 
one of three major methods: incineration generally gives to air 
pollution. Landfill operations or ocean dumping lead to water 
contamination. If landfill disposal is used, the material, as it 
decomposes, will dissolve in or become suspended in the 
rainwater percolating into the ground and thus into subsurface 
aquifers. This tends to contaminate not only groundwater but 
also surface waters, since the two systems are ultimately inter 
connecter. Because of the highly organic nature of this 
material, a large BOD is placed on the receiving waters, and 
the sediment becomes coated with a highly organic ooze. Non-
combustible materials have been generally disposed of in 
landfill sites or by ocean dumping. 
Thermal Pollution: 
Thermal pollution takes place because many electric-
generating companies use water in the process of cooling their 
generators. This heated water is then released into the system 
from which it was drawn, causing a warming trend of the 
surface waters. Thermal pollution results when the heated 
effluent is released into poorly flushed systems. In these cases 
permanent temperature increases often result, which tend to 
decrease the solubility of dissolved oxygen. In takes it also 
becomes possible to bring about nutrient redistributions and 
prolong summer stagnation periods. 
155 
When heated water gets released into large, well-flushed 
marine systems there is little if any permanent temperature 
rise. There are, however, problems related to the operation of 
plants utilizing marine waters in the cooling process. Evidence 
reveals that seawater tends to corrode the cooling pipes, which 
are generally constructed of a copper nickel alloy termed 
Monel. These metals readily dissolve in the heated seawater 
and are then released into the marine environment together 
with the heated effluent. This adds to the nicked and copper 
concentrations of these systems. In addition, the screens 
covering the water-intake pipes rapidly foul with marine 
organism, which decreases the flow of water into the plant. 
Using a concentrated detergent solution or copper sulphate has 
commonly cleaned the screens. These cleaning materials have 
been then released into and contaminated the surrounding 
waters. 
Radioactive Waste Pollution: 
The major source of radioactive wastes have been nuclear 
explosives, accidents at nuclear power plants, fuel-
reprocessing plants, and research laboratories and hospital that 
release these wastes into the atmosphere or into wastewater. 
Presently, most interest centers on radioactive iodine and 
strontium, since man is at the end of the food chains that 
strontium, since man is at the end of the food chains that 
concentrate these elements. Much more research has been 
necessary before the implications of long-term exposure to 
low-level radiation can be found out. 
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The significance of the various parameters discussed and 
their use as water-quality indicators has been summarized in 
table (Table XXIX). 
A pollutant is regarded to be an undesirable or 
deleterious modification of the environment. The modification 
may actually or potentially influence human life, living 
conditions, cultural assets, or the life cycles of the indigenous 
plant and/or animal communities that inhabit a given system. 
The major sources of pollution, are regarded to be domestic, 
industrial, agricultural, radioactive, and solid wastes, as well 
as thermal pollution and oil spills, these contaminants could be 
conveniently subdivided into four categories on the basis of 
their effects on a given system regardless of their sources: (1) 
substances that lead to oxygen depletion, (2) excess plant 
nutrients, (3) agents of biological dysfunction, and (4) 
sedimentary and erosional processes. 
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Table-XXIX: Water-Quality Indicators 
Parameter 
Dissolved 
oxygen 
Total 
Suspended 
Solids 
Total dissolved 
Solids 
BOD 
COD 
pH 
Iron 
Manganese 
Copper 
Zinc 
Hg, Cd, Pb, Ni, 
Cr, Ag, etc. 
Nitrate 
Phosphate 
Significance 
General indicator of water quality; 
source of O2 for respiration 
Clog fish gills, bury eggs, Reduce 
light penetration, increase heat 
absorption 
Represents total mineral content 
which may or may not toxic 
Amount of dissolved oxygen 
removed during decomposition of 
organic matter in a given time; a 
general indicator of contamination 
due to biodegradable organic 
Indicates the concentration of 
material oxidizable by chemical 
reaction 
Indicates the addition of acids or 
bases 
Excessive amounts can clog fish 
gill; indicates drainage form iron 
bearing sediments, mines, industrial 
processes 
Concentration low in naturri 
systems due to low solubility; high 
concentrations indicates 
contamination 
Indicates drainage from copper-
bearing sediment, mines, plating, or 
other industrial sources 
Indicates mine drainage or 
industrial input 
Indicates industrial input 
A major plant nutrient; in high-
concentrations it can promote 
excessive plant growth; major 
sources are fertilizers, sludge, and 
sewage 
A major plant nutrient; major 
sources are detergents, fertilizer, 
sewage 
Level 
Minimum acceptable level, 4-5 
mg/litre; 10-15 nig/litre for 
reproduction of desirable fish 
Dependent on location 
A maximum of 400 mg/litre For 
divers fish populations 
BOD Water Status 1 mgAitre Very 
clean 2 mg/litre Clean 3 mg/litre 
fairly clean 5 mg/litre Doubtful 10 
mg/litre contaminated 
0-5 mg/litre indicate very clean 
streams 
pH depends on actual system 
A maximum of 0.7 mg/litre for 
diverse fish populations 
A maximum of 1 mg/litre is 
common criterion for stream quality 
A maximum of 0.02-10 mg/htre is a 
common criterion for stream quality 
A maximum of 1 mg/litre is a 
common criterion for stream quality 
A maximum of 1 mg/litre is a 
common criterion for stream quality 
A maximum of 0.3 mg/litre to 
prevent excessive fertilization of 
stream 
A maximum of 0.03-0.40 mg/litre 
total inorganic phosphate is a 
common criterion 
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A given contaminant may be included into one or more of 
these categories depending on many factors, like its mode of 
action, the amount of dilution it encounters as it travels from 
the point of input, the flushing rate of the system into which 
the contaminant is released, and the tolerances of the 
organisms encountered. Each contaminant must, therefore, be 
evaluated in terms of the particular characteristics of the 
receiving water. For instance, the consequence of releasing a 
small amount of raw sewage into a shallow, artificial pond 
would be totally different form the release of this material into 
the deep ocean. The differences have been one of degree and 
are due not to the inherent difference between marine and 
fresh water but rather to the difference in volume, circulation 
patterns, and degree of dilution. 
Hence a shallow, poorly flushed pond could be expected 
to behave in a fashion similar to a shallow, poorly flushed 
estuary when a contaminant has been introduced. 
Marine and surface freshwater systems are generally 
affected similarly by the addition of deleterious material. 
Groundwater systems have been subjected to completely 
different ecological factors (total absence of a euphotic zone, 
for example), have been affected in a different manner by the 
input of various contaminants, and will be considered 
separately. 
Reduction In Oxygen Levels: 
Factors as diverse as oil spills, heat, suspended sediment, 
organic wastes, and some inorganic wastes have been found to 
decrease the available oxygen in a given system. 
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Although the end result, oxygen depletion, has been the 
same, the mechanisms leading to oxygen depletion vary. There 
have been four major methods that may are able to reduce the 
oxygen levels within a given system: (1) decreasing the 
photosynthetic rate of the plants, (2) decreasing the solubility 
of the oxygen within the water column, (3) interfering with the 
diffusion of atmospheric oxygen at the air-water interface, and 
(4) increasing the oxygen consumption of the aerobic bacterial 
component of the system (increasing the BOD). 
Decreased Photosynthetic Rate: 
Photosynthetic rate can be changed by increasing the 
turbidity of the water column, thereby decreasing the amount 
of light that enters a given water column. This may take place 
from suspended particles that enter a given system either by 
erosion during periods of rainfall or during the irrigation of 
crops. This material enters the water, physically blocks the 
amount of light entering the system, and thereby lowers the 
amount of light available for photosynthesis. As all plants 
need sunlight to provide the energy necessary to carry on 
photosynthesis, excessive addition of sediment will be able to 
reduce oxygen levels within the water column and, if 
prolonged, may be able to eliminate the plant life altogether. 
This would have the added effect of eliminating the food 
source of the primary consumers. The subsequent death and 
decomposition rate in the regeneration zone and further 
increase the BOD on the system. 
160 
Light could also be physically blocked form the water 
column by the input of highly coloured effluent form dyeing 
processes in the textile industry and from paper-mill effluents. 
The textile industry has been releasing a variety of highly 
coloured effluents, while paper-mill effluents tend to be a deep 
brown in colour. Many of these highly coloured effluents have 
been found to decrease light penetration through the water 
column, and thereby interfere with aquatic productivity in both 
freshwater and marine environments. 
It is also possible to reduce photosynthetic rates by 
directly eliminating the plants that produce the oxygen. 
Mercury, which enters the environment from a variety of 
source (discarded electrical batteries, mercury-based 
pesticides, mining operations, etc), travels to the regeneration 
zone, where by bacterial action, it gets converted to the 
organic methyl mercury, which is soluble in water. After it has 
been its soluble form, it has been capable of entering the food 
chain through uptake by phytoplankton or by direct 
assimilation by filter feeders. Mercury has been highly toxic to 
phytoplankton. It has been found that photosynthesis gets 
inhibits at mercury concentrations. Of 0.1 parts per billion 
(ppb). Many pesticides (in addition to those containing 
mercury) are also known to kill phytoplankton. Thus reducing 
photosynthetic rates, and hence oxygen levels, in the systems 
they enter. 
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Decreased Oxygen Solubility: 
Oxygen levels have been also decreased as the 
temperature of a given system is increased. Increasing 
temperatures tends to increase the molecular motion to the 
water and any dissolved gasses, which decrease the solubility of 
eh dissolved oxygen. Lakes have been especially sensitive to 
increased water temperatures since this reinforces the 
temperature-density barrier and prevents efficient mixing to 
surface euphotic zone and the hypolimnion. Thus, if the 
temperature input has been great enough to prevent or delay the 
normal fall overturn, severe and prolonged anaerobic conditions 
will take place in the hypolimnion. This will cause overkills of 
hypolimnetic populations. In addition, higher temperatures have 
been factorable to increased bacterial growth and as increase the 
metabolic process of the bacteria. This has the net effect of 
increasing the decomposition rate in the regeneration zone. As 
bacterial decomposition (aerobic) needs oxygen, an increase in 
the rate will also tend to increase the depletion of oxygen 
levels. 
Decreased Diffusion of Oxygen: 
Substance that interfere with the diffusion of oxygen at 
the air-water interface by blanketing the water surface and 
physically preventing oxygen from entering the system are also 
able to reduce the amount of available oxygen. Oil entering the 
environment from a variety of sources decreases oxygen levels 
in this manner. 
These effects have been transitory, however, and seldom 
so long prolonged as to completely reduce oxygen level over a 
long period to time. 
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In addition, all these materials have been biodegradable 
and do not bring about prolonged, unaesthetic results. 
Increased Oxygen Demand: 
The oxygen demand (BOD) of a system can be increased 
by the addition of both organic and some inorganic substance 
to the environment. In general, organic contaminants entering 
systems from municipal sewage-treatment plants or as raw 
sewage as well as animals wastes from feedlot cleaning 
operations and plant and animal residues form food processing 
operations, are the major sources of organic wastes entering 
water-ways. All of this organic material eventually reaches the 
regeneration zone, where it can be broken into its component 
parts through bacterial action. Initially this is accomplished by 
aerobic bacteria, which require oxygen to perform the 
decomposition process. As there is a large amount of organic 
matter to be broken down, the bacteria remove large quantities 
of dissolved oxygen from the system (the BOD increases). As 
additional material has been added to the regeneration zone. 
More oxygen is removed, thus decreasing the oxygen 
levels further accelerating the problem. If the input of material 
continues for protracted periods (as it does in the vicinity of 
industrial or municipal outfalls) the oxygen level will decrease 
drastically and the system will become permanently anaerobic 
in these areas. 
Inorganic material like iron (ferrous) salts from mining 
drainage operations and sulphides from pulp and paper 
processing plants have been able to decrease the oxygen levels 
in fresh marine environments. 
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In most of our river today the water has been just barely 
acceptable before it is utilized by a downstream community, 
being pretreated prior to distribution to this community, and 
then is recontaminated and traded prior the treated back into 
the river. The rivers seldom are having an opportunity to 
naturally and totally purify themselves before the water is 
reused, recontaminated, and re-released farther downstream. 
Thus the river system has been generally low in oxygen, and 
undesirable and/or unaesthetic organisms are generally found 
throughout its entire course. Lakes are even more susceptible 
to contaminations, because they are poorly flushed and any 
materials that are added will tend to accumulated and 
eventualty build up to high concentrations. 
Excessive Plant Nutrients: 
The addition of plant (phosphorus and nitrogen) to 
marine and surface freshwater systems will be having a number 
of deleterious effects. In addition, it is to be noted that the 
organic materials discussed above will decompose into their 
constituent forms. A portion of their products of 
decomposition has been the plant nutrients: inorganic 
phosphate and inorganic nitrate. In addition to their effects on 
oxygen levels, these materials will also add to the problem 
caused by excessive fertilization discussed in this section. 
These effects are commonly termed eutrophication. 
Over fertilization of a system has been harmful since it 
destroys the integrity of the community by rapidly altering 
nutrient relationships and plant-animal interrelationships that 
have slowly evolved over the centuries. 
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The end result has been generally the elimination of many 
or all the normal populations, which are replaced by a few, 
opportunistic forms that are more tolerant of the rapidly 
changing conditions regardless of the system, overfertilization 
tends to remove the limiting factored and allow for the 
proliferation and abnormally high growth and reproductive 
rates of plant populations. If the plants normally found in the 
disturbed system multiply rapidly, the consumer organisms 
cannot keep pace with this rapid increase. Therefore, more and 
more plants will remain uneaten by the consumers. These 
plants will ultimately die and add excessive material to the 
regeneration zone to be decomposed. 
If the source of overfertilization continues unabated, 
there will occur an excessive increase in the materials entering 
the regeneration zone. This will ultimately place an excessive 
demand on the dissolved oxygen of the system, and oxygen 
levels will decline. Many fish have been extremely sensitive to 
reduced oxygen levels, and they will tend to be eliminated. In 
additions, the accelerated rate of settleable organic matter will 
be able to increase the rate at which the bottom sediments have 
been covered with highly organic silts and muds. This material 
will tend to cover and smother many benthic forms adapted to 
living on sandy substrates, in addition to suffocating eggs and 
larval forms of many of the normal animals. In some cases 
excessive fertilization tends to foster the growth of new plants 
species that did not take place in the area previous to this type 
of disruption. These new forms often tend out to compete the 
indigenous forms in these altered conditions and eventually 
eliminate them. 
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In many cases the primary consumers have been unable to 
utilize these new forms as a food sources and are therefore 
eliminated from the system, bringing about grave 
consequences to the entire food chain. 
It has been to be recalled that all systems tend to age 
naturally. A gradual increase in the nutrients levels, the slow 
conversion of the benthic sediments to a mud bottom, and a 
normal, orderly succession of the plant and animal 
communities have accompanied this normal aging. 
Overfertilization tends to "mimic" the normal aging process. 
The problem, however, has been that in these case conditions 
have been altered rapidly. 
This prevents an orderly succession in which the 
community structure is able to slowly change and/or evolve in 
response to the normally slow changes. In community change, 
associated with contaminations, conditions change so rapidly 
that entire plant and animal communities get eliminated, 
permitting undesirable opportunistic form to occupy their 
place. 
Excessive fertilization has been the consequence of the 
release of improperly treated sewage into waterways as well as 
animal wastes from feedlot cleaning operations and animals 
and plant residues released as a by-product of food-processing 
operations. Perhaps the greatest source of excess plant 
nutrients in waterways has been the use of inorganic fertilizers 
on agricultural lands as well as on lawns and backyard 
vegetable garden. The problem associated with the use of 
inorganic fertilizers involves their effects on the soil on which 
they are spread. 
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In natural soil much of the nitrogen has been contained in 
the highly organic humus. Generally, inorganic nitrogen 
accounts for 2 percent or less of the total nitrogen content of 
such soils; the remainder ha been combined in the large 
organic molecules of the humus (derived form plant residues, 
animal manure, etc). A high humic level provides a favorable 
medium for the chemical reactions and mineral transport 
necessary for the growth of food crops. The soil bacteria 
slowly decompose the humus to form the nitrates and other 
nutrients needed by the plants for optimal growth. In addition, 
the humus tends to increase the ability of the soil to retain 
water, thereby decreasing the necessity for excessive irrigation 
and the erosion problems associated with rainfall. 
It has to be noted that irrigation practices decrease the 
amount of available water in a given system, while erosion 
cause loss of soil from agricultural areas. The eroded soil also 
enters waterways and decreases the amount of available light 
for photosynthesis, causing siltation problems. 
Humus declines in lands heavily fertilized with inorganic 
fertilizers. This has due to the failure to return crop and 
animal residues to the fields from which they were removed by 
harvesting. These materials, if returned to the fields, would aid 
in maintaining humus levels, with no organic humus to "bind" 
it to the soil, which tend to leach out as the soil has been 
irrigated. This lowers the soil fertility and necessitates 
additional applications of fertilizer. 
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Attempts to raise soil fertility by additional fertilization 
(with no addition of humus) will make a further decline in 
humus level, which will cause the soil to retain less nitrogen 
and lead to further applications of inorganic fertilizers. It has 
to be noted that the inorganic fertilizers themselves have been 
not nutrient-deficient, since it has been demonstrated that if 
plant and animal residues (humus) are supplied along with the 
inorganic fertilizers, the humic level of the soil will increase 
(thus improving the soil quality). Consequently, the materials 
discarded by the food-processing industry (plant residues) and 
by the practice of maintaining large numbers of animals on 
feedlots (manure generation) have been the materials that 
would improve soil quality. Presently, these materials treated 
as waste, discarded, enter waterways, and lead or contribute to 
their degradation. 
The use of inorganic fertilizer has increased twenty fold 
in the past 25 years. This causes a decline in soil quality in 
much of the nation's farmland. A humus level decline and the 
soil's ability to retain nitrate is decreased, additional 
application of fertilizer is required to achieve the desired rate. 
This fertilizer tends to rapidly leach from the soil and enter 
waterways. These practices have been primarily responsible 
for the alarming rise in the nitrogen level in the nation's 
waterways. 
Agents Of Biological Dysfunction: 
The agents of biological dysfunction will refer to any 
contaminant that either directly kills organisms or that 
interferes with metabolic or physiological activity or their 
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genetic or reproductive capabilities in such a manner as to 
threaten the success of a natural population in a given system. 
In addition, any material that appears to be harmless or to have 
a negligible effect when ingested, assimilated, and so on by 
members of one population but tends to accumulate in the 
tissues of these or of other organisms as it "passes up" the 
food chain to ultimately affect the success of higher consumer 
would also fall into this category. 
The major materials in this category include the various 
persistent pesticides, heavy metals (primarily mercury, 
cadmium, lead, and copper), the by-products of the plastics 
industry (PVCs and PCBs), heat, and radioactive wastes. 
By strict definition, many of the materials previously 
discussed could be considered to fall into this category, since 
they, too, have deleterious effects on natural populations. 
However, in this section, only those materials directly related 
to metabolic, physiological, genetic or reproductive 
interference will be taken into consideration, 
Chlorinated Hydrocarbons: 
The other chlorinated hydrocarbons (aldrin, dieldrin, 
benzene hexachloride, etc.) have been believed to follow 
similar environmental pathways. Recently, another class of 
chlorinated hydrocarbons, the polychlorinated biphenyls 
(PCBs) have been known to exert serious environmental 
effects. 
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This material finds use extensively as heat-exchange and 
insulating fluids in high-voltage electrical equipment. In 
addition, it has been added as stabilizers to paints, plastics, 
and rubber to make these materials resistant to decomposition 
processes. The toxicity of this material varies with the species 
of fish. For example, it is toxic to bluegills and catfish in 
concentrations above 20 ppm; lethal levels for trout are 8 ppb 
and or shrimp as low as 5 ppb. In the osprey (top consumer 
feeding on fish), concentrations of 1000 ppm are found. 
Metals: 
Metals commonly find their way into waterways after 
they have been disposed of in various industrial processes. The 
effects of many of these metals (copper, lead, and mercury) 
have been well known. The effects on aquatic and human 
populations could be less well known. However, the fact that 
they are found in human food supplies or in the food source of 
these organisms, is a strong argument for halting further 
addition of these materials to waterways until their effects 
have been determined. 
Lead and mercury has been two of the most widely 
studied metals. Man is an important factor in increasing the 
mercury levels of the various waterways. Since these streams 
ultimately enter into the coastal environment, it is to be 
expected that this material will eventually enter these systems 
in ever-increasing amounts. 
Metallic mercury has been relatively non-toxic to 
organisms; however, once it is in its organic form (methyl 
mercury), its toxicity increases markedly. 
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Since the bacterial conversion of mercury to methyl 
mercury is continuous, the metallic mercury added to the 
various systems will act as a methyl mercury reservoir that 
will continue to yield the more toxic form even should the 
addition of mercury be halted. Methyl mercury has been known 
to get concentrated by other organisms and to undergo 
biological magnification in the food chain. Fish, for example, 
tend to both absorb it directly through their gills and also get 
additional mercury incorporated in their food. As methyl 
mercury has been more easily absorbed and more slowly 
excreted than the inorganic mercury, it magnifies to extremely 
large concentrations in fish tissue. In addition to decreasing 
the vitality of these aquatic populations, mercury, when 
ingested by man, can give rise to blindness, deafness, insanity, 
and/or death. 
Lead is a remarkably well-distributed element. It is even 
found in the polar ice caps. Analysis of lead concentrations in 
the annual ice layers deposited on the Greenland and Antarctic 
ice caps showed an increase in lead concentrations from less 
than 0.001 microgram per kilogram (//g/kg) deposited at the 
800 B.C. level, to 0.03 //g/kg deposited at the 1815 level. 
These concentrations got soared to over 0.2 //g/kg in the 
present layer. 
Presently, the sources of lead contamination vary from 
industrial input to the solder used to seal food cans. Evidence 
reveals that most of the lead enters aquatic systems as 
particulate lead washed from the atmosphere during rainfall. 
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Numerous studies show that lead gets absorbed by 
phytoplankton or filter feeders and than concentrates as it 
enters and passes up the food chain. 
Copper enters from a variety of source and may be taken 
up by the phytoplankton and passed up the food chain. 
Eventually, copper levels reach sufficient concentrations to 
impart colour, to impair metabolic processes, or to kill various 
organisms (copper has been known to be toxic to lobsters in 
concentration as low as l//g/litre). 
Other metals, like cadmium, cobalt, and nickel, are also 
increasing in estuaries. Both clams and oysters are utilized as 
a human food source. As there have been cases of human 
illness associated with the excessive intake of these materials 
and as these have been capable of increasing to high levels in 
human food sources. 
Effects on Man: 
The consequences of pollution on the human race are 
widespread and range from a reduction in the recreational 
value of beaches and waterways, to unaesthetic drinking water, 
to serious health hazards. Consequently, any of eh practices 
discussed in the preceding sections well affect man to some 
degree. For example, any mechanism that serves to reduce the 
numbers of organisms in a natural food chain affects man not 
only by reducing the amount of food available to the human 
population, but also by adversely affecting the economics of 
the commercial fishing industry. 
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Thus practice as divergent as the ocean disposal of 
sludge, the increased mercury concentrations in fish, the 
release of heated effluent, and the construction of groins will 
all adversely affect the economic, recreational, and/or 
biological vv^ ell being of at least some segment of the human 
population. 
Pesticides: 
Pesticides are known to be present in the body fat of 
human beings. The main source of these materials is through 
ingestion in food supplies. Although all pesticides in use can 
be fatal in sufficiently large doses, lethal levels cannot be 
determined adequately, since many variables, such as age, 
health, sex, and diet, affect the toxicity of these materials. 
Since the chlorinated hydrocarbons have only been in 
widespread use for the past 25 years, possible long-term, sub 
lethal effects, principally carcinogenic and mutagenic in 
nature, have yet to become evident. It is known that pesticides 
such as DDT and dieldrin are capable of producing malignant 
and tumours in various organs of experimental animals. 
Nitrates and Nitrites: 
Increased nitrate levels in water supplies can be fatal to 
infants. At these levels intestinal bacteria that have the ability 
convert nitrate to nitrite induce the disease 
methemoglobinemia. The nitrite is then absorbed into the 
bloodstream, where is binds with hemoglobin. The binding 
action effectively prevents the hemoglobin from accepting the 
oxygen that is necessary for respiration. 
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Water Pollution And Health: 
The quality of domestic water supplies is an old problem. 
In De architectura, a work written between 25 and 23 B.C., 
Vetruvius Pollio, the great Roman achitect and builder, gave 
numerous examples to show that bad water was injurious to 
health. 
Phythios, the Greek builder of the temple of Minerva in 
Priene on the coast south of Ionia, also dealt with this problem 
in a textbook on architecture. Clean water was just as difficult 
to guarantee 2,000 years ago as it is today. The Romans did 
not have filtration plants, chlorination facilities, or similar 
modern equipment. They had to rely on local streams and 
springs or transport the water over long distances. The Roman 
aqueducts, a number of which are still in use today, provided 
clean water for cities, where these sources were not available, 
wells had to be dug; and to assure good water, architects and 
builders of established reputations planned them. 
The effect of chemical pollutants on health is not well 
understood. Even information on the identity and amounts of 
the chemicals that are present is in incomplete, although the 
use of chemical product everywhere is on the increase. Some 
natural wastes are known to have injurious chronic effects 
from prolonged use. Therefore, chemical contaminants that 
may enter the water supply from sources such as sewage 
effluents, the recycling of treated wastes, or percolation of 
wastes into the underground water supply should be under 
suspicion until proved to be harmless by experiment with 
laboratory animals. 
174 
The appearance of forming agents in well waters from the 
use of detergents containing non-biodegradable surfactants 
was a warning of the potential dangers. 
The presence of 0.5 ppm of ABS (alkyl benzene 
sulphonate) in drinking water would not be acutely toxic, but 
it would indicate that at least 5 percent of the water is of 
sewage origin, Moreover; surfactants are capable of 
solubilizing other compounds that might be harmful. The 
degradation products of surfactants and organic solvents have 
largely unknown biological properties. 
Several waterborne infectious diseases are directly 
related to polluted water. In addition, the aquatic food chain 
acts to concentrate several toxic substances as it ascends from. 
microorganisms through various predators and prey to fish 
eaten by seals, by certain birds, or by people, organ chlorine 
and organic mercury pesticides, PBCs, and some radioactive 
pollutants are concentrated this way. 
Well water contaminated by nitrates form fertilizer runoff 
poses a hazard do health, particularly for infants. 
The toxic and pathological effects of some heavy metal 
water pollutants have been tabulated in table (Table-XXV). 
Loss Of Recreational Areas: 
Beaches are closed when the bacteria count of water 
is too high, indicating pollution by fecal matter. Beaches are 
also closed when the water contains toxic substances or gives 
off a foul odour. In heavily polluted areas where algae have 
thrived and died, rotting mats of floating debris wash up on the 
shore. 
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Solid wastes sometimes wash up also, and some oil spills 
have caused spectacular damage to valuable beach properties. 
Water containing considerable organic matter generally 
becomes depleted in oxygen as microorganisms that feed on 
that material die and decay. Decay consumes oxygen, and 
desirable fish needing relatively high oxygen level either die 
out or go elsewhere. Mercury pollution or pollution by PCBs 
also reduces the recreational value of a fishermen, and the 
communities that benefit from such recreational activities 
suffer considerable economic damage from many types of 
water pollutions. 
In specifying the quality characteristics of groundwater, 
chemical, physical and biological analyses are normally 
required. A complete chemical analysis of a groundwater 
sample includes the determination of the concentrations of the 
inorganic constituents present; organic and radiological 
parameters are normally of concern only where human induces 
pollution affect quality. Dissolved salts in ground water of 
normal salinity occur as dissociated ions; in additions, other 
minor constituents are present and reported in elemental form. 
The analysis also includes measurement of pH and specific 
electrical conductance. 
Properties of ground water evaluated in a physical 
analysis include temperature color, turbidity, odor, and taste. 
Biological analysis includes tastes to direct the presence of 
coliform bacteria, which indicate the sanitary quality of water 
for human consumption. 
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Because certain coliform organisms are normally found in 
intestines of humans and animals, the presence of these in 
groundwater is tantamount to its contact with sewage sources. 
In a chemical analysis of ground water concentrations of 
different ions are expressed by weight or by chemical 
equivalence. Total dissolved solids can be measured in terms 
of electrical conductance (Todd; 1980). 
Trojan, Maloney, Stockinger, Eid and Lahtinen (2003) 
began a study, in 1996, to compare groundwater quality under 
irrigated and non-irrigated agriculture, sewered and non-
sewered residential developments, industrial, and non-
developed land uses. Twenty three monitoring wells were 
completed in the upper meter of an unconfined sand aquifer. 
Between 1997 and 2000, sampling occurred quarterly for major 
ions, trace inorganic chemicals, volatile organic compounds, 
herbicides, and herbicide degradates. On single occasion, they 
collected samples for polynuclear aromatic hydrocarbons, per 
chlorate, and coliform bacteria they observed significant 
differences in water chemistry beneath different land uses. 
Concentrations of several trace inorganic chemicals were 
greatest under sewered urban areas. Volatile organic 
compounds detection frequencies were 100% in commercial 
areas, 52% in sewered residential areas, and <10% for other 
land uses. 
Median nitrate concentrations were greatest under 
irrigated agriculture (15350 Mg/L) and nonsewered residential 
areas (6080 Mg/L). 
177 
Herbicides and degrades of acetanilide and triagine 
herbicides were detected in 86% of sample from irrigated 
agrrcultural areas 68% of sample from non irrigated areas, and 
<10% of sample from other land uses.Degradates accounted for 
96% of the reported herbicide mass. They did not observed 
seasonal differences in water chemistry, but observed friends 
in water chemistry when land use change accrued. Their results 
show land use is the dominant factor affecting shallow 
groundwater quality trend. Monitoring programs should focus 
on areas where land use is changing, while resource managers 
and planners must consider potential impacts of land use 
changes on ground water quality. 
Boutt, Hyndman, Pijanowski and Long, (2001) presents 
an approach to examine potenfral relationships between land 
use-derived solutes and base flow surface water quality using 
regional groundwater and solute transport modes linked to 
geographical information systems (GIS). They demonstrate this 
approach by estimating chloride concentration in surface water 
due to food salt transport through groundwater in a large 
coastal watershed in Michigan. The geologically parameterized 
model for this study provides a good fit to measured hydraulic 
heads in the watershed and offers a method to estimate 
spatially and temporally variable solute fluxes via groundwater 
to streams and lakes. The results demonstrate that there is a 
considerable legacy of land use influencing surface water 
quality at the study site. 
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The simulated chloride concentrations throughout most of 
the watershed, except in regions where other sources for 
chloride likely exist impacts of other land use related solutes 
or solids on base flov/ surface water quality could also be 
explored using this approach. As a result, watershed manger 
could be provided with quantitative information about the 
potential impacts of developments and associated surface 
applied solutes on future surface water quality. 
Chemical fertilizers used in Egypt have increased 
significantly since the construction of the Aswan high Dam in 
1968. Increased applications of chemical fertilizer in irrigated 
lands are likely to create nonpoint contamination sources of 
chemical fertilizer species. This study was conducted to 
investigate the contamination of groundwater by nitrogen and 
phosphorus chemical fertilizer, as well as the availability of 
groundwater for irrigation and public water supplies for the 
next century. Future concentrations of N03 and P04^* in 
shallow and deep groundwater in the Nile valley were assessed 
under realizable rates of fertilizer application. A groundwater 
modeling system was used to simulate the three-dimensional 
groundwater flow and contaminant transport in the Tahta 
region of the Nile valley Aquifer, and to predict the future 
concentrations of chemical fertilizer species. Result of the 
transport simulation predict the occurrence of groundwater 
contamination at shallow depths (30m) due the high rate and 
method of chemical fertilizer application best management 
practices should be employed to control and reduce the nitrate 
leaching and future impact of phosphorus and potassium 
fertilizer applications. 
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At the same time new deeper wells should be constructed. 
In addition to the use of hand pumps, in zones close to 
cropland (15m depth) must be avoided due to susceptibility to 
fertilizer contamination. Groundwater from existing deep well 
can be used as an alternative water supply. Furthermore, a 
groundwater quality monitoring system should be established 
for early detection of groundwater contamination and to 
determine progress of the fertilizer contaminant plume. A 
properly designed system should monitor nitrate and phosphate 
composition in observation and water supply wells (Shamrukh, 
Coropcioglu and Hossona 2001). 
Aquifer samples from the precipitation zone of an in situ 
iron and manganese removal plant that was operated for 10 
year were analyzed for iron and manganese minerals. 
Measurements were performed by various chemical extractions 
techniques (5 ml HCl, 0.008 N Ti (III)-EDTA, 0.114 M 
ascorbic acid), x-ray diffraction and Mossbaure spectroscopy. 
Chemical extractions showed that iron was precipitated as 
ferric oxides, whereas manganese was not oxidized but 
deposited as Mn (II) probably within carbonates. The ferric 
oxides in particular accumulate preferentially in the smaller 
grain size fractions. This tendency was observed to a lesser 
extent for manganese. X-ray diffraction and Mossbaure 
spectroscopy showed that the ferric oxides were mainly 
crystalline (goethite, 50% to 100% of the iron). Ferrihydrite 
was found as well, but only a minor fraction (<12%). Pure 
manganese mineral were not found in x-ray diffraction. 
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The precipitated amounts of iron (5 to 27//mol/g) during 
10 years operation of the treatment plant agree with values that 
were estimated from operational parameters (9 to 31 /^mol/g 
Fe and 3 to 6 //mol/g Mn). Considering the small amounts of 
precipitated iron and manganese, no long-term risks of 
clogging of the aquifer are expected (Meltler, Abdelmoula, 
Hoehn, Schoenenberger, Weidler and Von Gunten 2001). 
Deflouridation by sorption process is well known 
technique. Though several established techniques are 
available, they are found to be expansive and labour intensive. 
Keeping this in view, a study was done to remove excess 
fluoride in drinking water based on the concept of adsorption 
using locally available material like laterite, sand and gravel. 
The studies were being conducted in a column with varying 
depths of laterite by keeping constant gravel depth. The flow 
is varied for all the depths and the results obtained were found 
to be quite encouraging as compared to some of the established 
costly techniques. This technique can be employed in rural 
areas and places where expensive techniques like electrolytic 
precipitation, etc. cannot be adopted (Jayantha, Ranjana, 
Sheeta, Modang Ritu and Shivananni, 2004). 
The synthetic water performance in the light of fluoride 
removal was studied and compared with the actual fluoride 
contaminated water of different selected water collection 
stations. As indigenous activated alumina was used as 
adsorbent. 
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The performance of the column for fluoride contaminated 
water was about 94% fluoride reduction at a pit value of 7.0 
and the presence of total dissolved solids (T.D.S), 2114 mg/1 
in subsoil water decreased the fluoride removal by 5% 
(Talnikar, Pant and Shukla, 2004). 
One of the major problems in the lower Jordan valley is 
the increasing salinization (i.e, chloride content) of local 
groundwater. The high levels of salinity limit the utilization of 
groundwater for both domestic and agriculture applications. 
This joint collaborative study evaluates the sources and 
mechanisms for salinization in the Jericho area. They 
employed domestic geochemical fingerprinting methods to 
trace the potential sources of the salinity in (1) the deep 
confined sub aquifer system (CK2) of lower cenomanion age; 
(2) the upper sub aquifer system (KI) of upper cenomanion 
and Turanian ages; and (3) the shallow aquifer system (Q) of 
plio-pleistocene ages. 
The chemical composition of the saline source was 
Na/Cl~7xl0'^. This composition is similar to that of thermal 
hyper saline springs that are found along the western shore of 
the Dead Sea. Morie and Vengosh (2001) suggest that the 
increasing salinity in both Ki and K2 sub aquifer is derived 
form mixing with deap-seated brines that flow through the rift 
fault system. The salinization rate depends on the discharge 
volume of the fresh meteoric v/ater in the cenomanian aquifer. 
In contrast, the chemical composition of groundwater from 
plio-pliestocene aquifer shows a wide range of CI' (100-2000 
mg/L), Na/Cl (0.4-1.0), Br/Cl (2-6x10^), and SO4/CI (0.01-0.4) 
ratios. 
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These variations, together with the high SO4, K ,^ and 
NO3' concentrations, suggest that the salinity in the shallow 
aquifer is derived form the combination of (1) upconing of 
deep brines as reflected by low Na/Cl and high Br/Cl ratios; 
(2) leaching of salts from the Lisan formation within the plio-
pliestocene aquifer, as suggested by the high SO4 
concentrations; and (3) anthropogenic contamination of 
agriculture return flow and sewage effluents with distinctive 
high K"" (80mg/L) and NOs' (80mg/l) contents and low Br/Cl 
ratios (2x10"^), their date demonstrates that the chemical 
composition of salinized ground water can be used to delineate 
the source of salinity and hence to establish the conceptual 
model for explaining saliniztion process. 
The study of Bocanegra, Massone, Martingez, Civit and 
Farenga (2001) presents a program of risk management in the 
contamination of groundwater resulting from leachate in 
landfills at Mar Del Plata (Argentina). The program includes 
prediction, prevention, monitory observation and mittigation 
as actions that must be taken prior to, during, and after 
contamination occurs. This routine aids in the identification of 
weak points and failures of the program for those who are in 
change making decisions and will allow better use of limited 
financial and technical resources based on planning, thus 
minimizing disconnected determinations. Results of the 
prediction stage were confirmed through monitoring. 
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The presence of a plume of contamination more than 
100m from the landfill was shown, thus proving that 
implementation of a monitoring plan to follow the 
development of the contaminated plume must be implemented, 
particularly in populated areas, which depend on residential 
wells for their water supply. 
Groundwater in the semiarid Rioverde basin in the 
northern part of Mexico was investigated with respect to major 
and minor elements including arsenic, as well as As (III) and 
As (V). The total arsenic concentrations varied from less than 
5 to 50 g/1. The in situ arsenic determination method produced 
reliable results with deviations from 5-6 to 2.2, g/1 compared 
to laboratory HGAAS. Since arsenic and barium were found to 
be inversely correlated, it was suspected that precipitation to 
barium arsenate controlled arsenic solubility, 
thermodynamically modeling by means of PHREEQC indicated 
that Ba AS 0.4. H2O C not (Ba As 04) might be a limiting 
phase, however only at higher contraptions than those 
determined in this study. Increased arsenic in groundwater 
concentrations were found with lacustine sediments and 
decreased concentrations with fluvial quaternary sediments. 
Increased total arsenic concentrations correlate with increased 
As (III) concentrations in the ground water of the lacustrine 
sediments (Planer-Friedrich, Armienta and Markel 2001). 
Shiyang River Basin, located in the eastern part of Hexi 
corridor in the middle Gansu province, NW China, is a typical 
arid to semiarid area. 
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Within its drainage distance of merely 300 km, the 
groundwater system shows a gradual hydrochemical zonation 
from the upper reach to the lower reach, which is composed of 
hydrocorbonate, sulfate to chloride zones respectively. 
Variation in the saturation index (SI) of calcite and dolomite 
shows that, under arid to semiarid conditions, the drastic 
evaporation cause the groundwater quality to deteriorate in the 
lower reach. Isotopic compositions of H, O and He in the 
groundwater show that the groundwater recharge sources are 
mainly from meteoric water. He/ Ne co-ordinates could 
clearly distinguish the water sources and mixing among them. 
In the Caiq region ther is apparent mixing of the crevice water 
containing excess ''He with the overlying groundwater fairly 
high ^He/'^He ratios of the ground water collected from the 
adjacent area of hidden fault along Qilian Mountains show the 
eminent input of mantle-derived helium, indicating that these 
faults not only cut the crust deeply but are currently active 
(Shi, Nang, Cheri, Wang and Zhahgi 2001). 
Mohapatra and Singh, (1999) deals with a short review 
and determination of trace metals like iron, manganese, 
copper, zinc, chromium, nickel, cobalt, lead, cadmium, arsenic 
and mercury in drinking water from six different sources in the 
city of Cuttack. The study was extended over a period of one 
year during 1995-96. Trace metals were determined in 
Mahanadi river water. Open well water, tube well water and 
municipal tap water during every month from July-1995 to 
June-1996. 
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The object and scope of the work materials and methods 
adopted for the determination of concentration of trace metal 
and the results obtained from the experimental work were 
discussed. 
Iodine is an essential element for human growth. Iodine 
deficiency disorders (IDD) is a major public health problem in 
India and is prevalent in almost al the states including 
Rajasthan. The groundwater in western Rajasthan is 
characterized by high concentration of soluble salts of varied 
nature. The native water in some parts of the region viz-
Jaisalmer district is of pluvial period showing its age to be 
more than 6000 years. Iodide concentration in the range of 8 to 
356 //g/1 with an average value of 64 //g/1 has been observed 
in groundwater of Jaisalmer, Nagpur and Pali districts of 
western Rajasthan. Sandstone formation yields groundwater of 
high iodide concentration than the other formation in the 
region. The iodide determination was carried out on ORION-
320 A" ion meter using iodide ion electrode and slope 
calibration with standard iodide solutions of 0.1 and 1.0 mg/1 
(Gupta and Varshney 1999). 
Geochemical study of groundwater from 58 selected 
fluoride-rich areas in different parts of India that includes 
eight states indicates that: 
1- These groundwaters are alkaline pH (7.4-8.8) and their 
electrical conductivity varies from 530-1268 //S/cm and 
fluoride concentration from 1.7-6.1 mg/1. presence of 
fluoride-bearing minerals in the host rocks and their 
interaction with water is considered to be the main cause 
for fluoride in groundwater. 
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2- The decomposition, dissociation and dissolution are the 
main chemical processes for the occurrence of fluoride 
in groundwater. During rock-water interaction, 
concentration of fluoride in rock, aqueous species and 
residence time of interaction, etc. are also important 
parameters. 
3- The study indicates that 85% of groundwater samples 
have E.C: 1,000-2000 //S/cm, pH: 7.5-8.5 and HCOs/Ca 
(epm ratio): 0.8-2.3, 
4- The Ca and HCO3 contents of groundwater samples have 
shown good correlation with fluoride (Saxena and 
Ahmed 2003). 
A study was conducted at Pageru river basin, by 
Sreedevi, (2002a) in Cuddapah District, Andhra Pradesh, to 
monitor seasonal fluctuations of groundwater and to determine 
how the fluctuation in the water level will affect the 
groundwater quality. Ground water levels were found to be 
influenced by rainfall and pumping of water from the wells for 
irrigation and domestic uses. Ninety-nine water samples were 
collected from different wells and analysed for major chemical 
constituents both in pre and post-monsoon seasons to 
determine the quality variation. All major chemical 
constituents, such as Ca, Mg, Na, K, etc., are significantly 
increased after post-monsoon recharge. According to the 
overall assessment of the basin, water quality was found to be 
useful both for drinking and irrigation. 
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Tailings-derived mine drainage water that is neutral in 
character, has a high electrical conductivity and contains 
elevated sulphate, chloride and nickel concentrations, has 
caused deteriorating groundwater and surface water quality in 
the mining area of Hitura in western Finland. This 
deterioration, and thereby the location of the contaminant 
plume, was recognized in the water chemistry in the form of 
gradual change in ion composition from Ca-HCOs-type water 
towards an Mg-S04-rich type. It was possible to define the 
extent of the pollution by using clauster analysis to distinguish 
between hydrochemically different regimes and performing an 
electrical sounding survey. The results indicated that 
contamination is most intense close to the tailing impoundment 
and is related to an esker complex running across the area. 
Nevertheless, the water in the eastern and southern parts of the 
areas up gradient of the hydraulic head is uncontaminated and 
suitable for water supply purpose (Heikkinen, Korkka-Niemik, 
Laht and Salonen 2002). 
Hydrogeochemical investigations, which are significant 
for the assessment of water quality, has been carried out to 
study the sources of dissolved ions in groundwater of some 
rural areas of Guntur district, Andhra Pradesh, India. 
Groundwaters in the area are mostly brackish. High contents of 
SiOi, and Na and CI ions in groundwater, in comparison with 
those of seawater, suggest a meteoric origin of groundwater. 
The high concentrations of Si02, and various geochemical 
signatures reflect the weathering of minerals. However, the 
Na + K vs CI ratio suggests weathering, has occurred only to 
some extent. 
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The chemistry of groundwater favours the formation of 
clay mineral (montmorillonite, illite and chlorites), because of 
evapotranspiration. The positive saturation index of CaCOs 
and the high signatures of Na^^ and Na^ "*^ : Ca^^ reveals the 
occurrence of evaporation. The evaporation enhances the 
concentration of ions (which occurred originally in the water) 
in the soils during summer. The very high S04^" and CI" 
contents in some groundwater and the occurrence of kankar 
(CaCOa) in the area suggest a long history of evaporations. 
Greater ionic concentration in the groundwater of post-
monsoon compared with pre-monsoon indicates the increasing 
addition of lactates into the groundwater is from the soils in 
the monsoon and anthropogenic activities, which leads to a 
deteriorating quality of groundwater. According to the "Gibbs' 
diagrams, rock weathering, to some extent, and evaporation are 
the dominant phenomena responsible for the higher ionic 
concentrations found in groundwater. Measures that benefit 
sustainable management of groundwater quality are suggested 
in the study (Rao 2002). 
Pollution Impact: 
Jaipur, the capital city of Rajasthan, a burgeoning, has 
undergone galloping unplanned-industrial growth in recent 
times especially in last three-four decades. Perennial increase 
of population and urban activities in Jaipur are lacing exigent 
pressures and demands on the urban area. There is a heavy 
pressure of water supply and sanitation at Jaipur, leading to 
severe impact on water quality in the area. 
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Its population has grown from 1,50000 in 1931 to nearly 
30,00,000 now. The cascading influx of pollution far beyond 
the carrying capacity of municipal support system with civic 
amenities and facilities deteriorating and depleting day by day 
coupled with environmental pollution consequent to 
proliferation of industries and ongoing insatiable appetite for 
milching the resources beyond the sustainable limits have 
exerted continuous stress and strain on the environment profile 
of the area. As a result pristine environmental scenario and 
ecosystem of the area has undergone drastic transformation of 
the getting worse due to combined adverse impact of 
endogenic natural and anthropogenic hazards. The 
environmental equilibrium has been alarmingly disturbed. 
The environmental problems of the area can be broadly 
categorized into two main classes, viz: -
i) Natural Hazards comprising floods, waterlogging 
groundwater salinity and seismicity. 
ii) Antnropogenic hazards consisting of landscape 
scarification dehaphazard mining, land degradation, 
dereliction by brick kilns, and indiscriminate and 
improper land use for urbanization and 
industrialization, incompatible to local ground 
conditions, ground water over drafts and pollution by 
industrial effluents and municipal sewage, improper 
municipal/industrial solid waste disposal, 
deforestation/encroachment on forest land, air, noise 
pollution etc. 
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Industrial Pollution: 
Industries, which generate water pollution load, are toxic 
and varied in nature, highly concentrated in term of space and 
time. Some being refractory and very difficult to either destroy 
or remove once they have entered a stream. 
There severity of the industrial pollution problem is 
depicted in the form of BOD load in the present study. 
There are several large, m^edium and small-scale 
industries which are located within the major industrial area in 
Jaipur. Most of the large/medium scale industries have their 
effluent treatment systems, but in the absence of accurate 
information regarding extent of treatment provided by the 
industries, this factor has been ignored, while estimating the 
pollution load generated form industries. 
Waste Minimization: 
Before end of pipe wastewater treatment or modifications 
to existing wastewater treatment to meet new effluent criteria, 
a progamme of waste minimization should be initiated. 
Generally waste minimization techniques are grouped 
into four major categories: 
(a) Inventory management and improve options 
(b) Modification of equipment. 
(c) Production process changes 
(d) Recycling and reuse 
191 
These techniques apply across a range of industries and 
manufacturing processes and to hazardous and non-hazardous 
waste. Waste minimization approaches developed by the U.S. 
EPA, which reveal six major ways of reducing pollution, are: 
1. Recirculation: 
In the paperboard industry, while water from a machine is 
put through a save all to remove the pulp, fiber and is recycled 
to various points in the paper making process. 
2. Seggregation: 
Clean streams are separated for direct discharge 
concentrated or toxic streams are separated for treatment. 
3. Disposal: 
In many cases, concentration wastes are removed in a 
semi dry state. In the production of ketchup after cooking and 
preparation of the product, the kettle bottoms are usually 
flushed to the sewer. Removing this residue in a semi dry state 
for disposal markedly reduces the total discharge BOD and 
suspected solids. In breweries, the secondary storage units 
have sludge in the bottom of the vats, which contain both BOD 
and suspected solids. Removal of this as sludge rather than 
flushing to the sewer reduces the organic and solid load for 
treatment. 
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4. Reduction: 
It is common practice in many industries, such as brewise 
and dairies, to run houses continuously for clean up purpose. 
The use of automatic cut off substantially reduces the 
wastewater volume. 
5. The use of drip pans to catch products, as in a dairy or ice 
cream manufacturing plants, instead of flushing the material to 
the sewer reduces the organic load considerably. 
6. Substitution: 
Substitution of chemical additive with a lower polluting 
effect in processing operation e.g. substitution of surfactants 
for soap in textile industry. 
Industrial Wastes: 
The liquid wastes resulting from the manufacturing and 
industrial processes which utilize moderate to large quantities 
of water are termed industrial wastes. Industries that adopt 
anhydrous processes do not give rise to liquid wastes. The 
term industrial wastes is generally restricted to liquid waste 
which by reason of their colur, solid content, inorganic or 
organic content, salinity, acidity, alkalinity and other toxic 
characteristics create problems of stream pollution or solid 
pollution in case they are used for irrigation. 
Because of the larger water requirement of many 
industries and the need of water for power generation and 
cooling purposes, industrial establishment and factories are 
often located on the banks of river, lakes and other water 
bodies. 
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These industries with draw fresh unpolluted water from 
these water bodies and discharge wastewaters in them causing 
their pollution. 
The industrial wastes of area vary in quantity and 
polluting strength as the products and processes and the 
manufacturing plants from which they emerge. Some wastes 
like cooling waters are large in volume but carry little 
contamination, others are relatively small in quantity but are 
located with concentrated organic and inorganic substances. 
Type Of Industries And Their Products: 
The area under study is highly industrialized, 
agriculturally productive and densely populated. A wide 
variety of industries have developed during the course of last 
30 years, which released untreated industrial wastes, thereby 
enabling the wastes to migrate down to the ground water table. 
There has been an increasing pollution in the areas in the 
vicinity of industrial units. Many large and small scale 
industries are located in the area which are grouped as follows: 
(1) Rubber and plastic industries 
(2) Chemical manufacturing industries 
(3) Paint and varnish industries 
(4) Soap, powder, detergent and glycerin manufacturing 
industries. 
(5) Metal, non-metal and alloy manufacturing industries. 
(6) Cotton textile mills. 
(7) Dairy and food products. 
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1) Rubber and Plastic Industries: 
There are various rubber and plastic industries in the area 
whereas rubber production results in high BOD and COD, bad 
taste and odour, chemical, viz butadiene, styrene, in soap 
Solutions are coagulated with an acid brine solution, 
hydrocarbons and organic compounds as well as various 
reagents. 
2) Chemical Manufacturing Industries: 
In this area more chemical industries are producing a 
wide variety of various water pollutants by manufacturing of 
various water pollutants by manufacturing of various 
chemicals such as acids, bases, synthetic fabrics, pesticides, 
detergents and other organic, inorganic compounds in Jaipur. 
3) Paint And Varnish Industries: 
There are many paint and varnish industries in Jaipur, 
which are using various chemicals and minerals. Major part of 
these effluents is discharged on the land. 
4) Soap, Powder, Detergent and Glycerin Manufacturing 
Industries: 
In this area various soap, powder, detergents, and 
glycerin manufacturing industries which use various 
chemicals such as acids and bases, pesticides, detergents 
and other organic and inorganic compounds leading to the 
pollution of environment in area. 
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5) Metal, Non-Metal and Alloy Manufacturing Industries: 
In this area, various metal and non-metal industries like 
iron steel industries, alumina and other metal industries, steel 
mills produce waste water by using cool, washing of blast 
furnaces, fuel gases etc. the waste water and solid wastes tend 
to be acidic and contain cyanogens, phenol, ores, coke, 
limestones, alkali: oil, fine suspended solids and various trace 
metals viz chromium, lead, nickel, cadmium, zinc, copper, 
silver etc. 
6) Cotton Textile Mills: 
Chemical used in cotton textile mills are enzymes, 
detergents, caustic soda, bleaching powders, H2O2, Na2C03, 
sulphur and naphthol and other dyes. 
The wastes from textile mills have the significant pollution 
like BOD, COD, dissolved solids, suspended solids, various 
heavy metals, viz. copper, zinc, chromium etc. and fluoride. 
The water consumption work out to be about 108 litre per 
kg of finished cloth, major part of these wastes are regularly 
being discharged in the inland water bodies without adequate 
treatment in the Sanganer region of the area where most of the 
industries are cotton textile and dyeing mills. 
7) Dairy and Food Products: 
There are several dairy factories in the Jaipur Significant 
pollutants are pH, BOD, COD, dissolved solids, suspended 
solids, settleable in dairy product processing, etc. 
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The dairy industry produces organic waste high in 
protein, fat, carbohydrates and lactose from milk and cheese 
processing. The production of cheese is an important BOD 
source. 
Usage Of Metals In Every Day Life: 
The usage of metals by man goes back to the period 
between 6,000 and 5,000 B.C. During those days, metals like 
gold, silver and copper were utilized simply as raw materials, 
cast bronze for statues was used since ancient times in Egypt 
and Greece. In middle ages, work in bronze, copper, brass, 
iron, lead and tin, reached a high level of artistic excellence. 
In India metals have been known since antiquity. In 
modern India, metals are being utilized in a variety of ways in 
industry, agriculture, food processing cosmetics; medicinal 
purposes and house hold purposes. 
Nickel is extensively used in the food processing plants 
as catalyst in hydrogenation of fats and oils. Tin cans are 
utilized for packing and storing the processed food. Mercury 
and its salts have been used as medicines in India since ancient 
times. The Arabs who applied it as medicine in skin diseases 
used Mercury in 1000 A.D. Later it was used as cathartic, 
antiseptic and diuretic. Arsenic was a therapeutic agent as 
early as 400 B.C. An inorganic compound known as "Flower's 
solution" has been used for the treatment of leukemia. Dental 
surgeons for filling dental cavities use silver. Chinese used 
vermilion containing mercuric sulphides for ages in cosmetic 
manufacturing silver tin amalgum and pure silver. Zinc oxide 
finds its use in ointments, creams and other cosmetics. 
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The overall distribution of heavy metals indicate that 
some of them are not within the permissible limits, due to high 
industrial activity in the study area like Sanganer, Khatipura 
and Jhotwara, indicating the effects on water quality. 
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cxFtioy^s 
CHAPTER - 7 
DEVELOPMENT AND MANAGEMENT OF WATER 
RESOURCES OF THE AREA 
Aquifer can play many roles in the overall development 
of the water resources of an area. The most obvious use of 
aquifer is to supply water to wells- the supply function. One 
of the more vexing problems in groundwater management has 
been to determine how much water an aquifer can supply. 
Aquifers also transmit water from one location to 
another. This has been called a pipeline function. Many 
communities are dependent upon ground water sources that are 
recharged elsewhere. In this case the aquifer acts as an 
aquiduct however, what the user community does not have 
zoning and land use control. When the aquifer is transmitting 
water some distances, there may be difficulty in protecting the 
recharge area of the aquifer from over-development or 
contamination. Aquifers are not as efficient in carrying large 
volumes of water, as are surface canals. However, surface 
canals can lose large amounts of water by evaporation; 
furthermore, the required capital for construction. 
Ground water can be mined in the same manners as 
mineral whenever ground water is withdrawn at a rate greater 
than the rate of replenishment, mining is occurring. In some 
aquifers, the rate of replenishment is so low that it is almost 
non-existent. 
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The unsaturated zone overlying an aquifer can act as a 
waste treatment system. This has been called the filter plant 
function of aquifers. However, the unsaturated zone can do 
much more than act as a physical filter to remove bacteria and 
viruses. It is also effective in removing phosphorus and heavy 
metals. Passage of water through the saturated zone can also 
improve the quality. Degradation of native water quality can 
occur if the treatment potential of the system is exceeded. 
Ground water can also have energy-source function. 
The ground water heat pump is vibe alternative to conventional 
heat pump in some localities. As the thermal energy of the 
aquifer is removed by heat pump in colder climates, it is 
another type of mining. 
Ground water reservoirs sometimes also have a strong 
function. This is not true for an undeveloped aquifer in 
dynamic equillibrium if the recharge zone is rejecting potential 
recharge. However, if the ground water reservoir has unused 
storage capacity. It can effectively store water from wet 
periods for use during time of drought. Aquifers with available 
strong capacity may be either those that are not filled by the 
natural recharge to them or those in which the potentiometric 
surface has been lowered by pumping. Water put into storage 
could be from natural sources, especially extreme precipitation 
or flood events. Increasingly, treated wastewater effluent is 
being used to replenish aquifers. 
When ground water stored in aquifers can be used to 
replace surface water reservoirs a number of benefits accrue. 
The expense of surface water reservoirs is circumvented, as 
there are not capital costs involved. 
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There are no evaporative losses from ground water storage, nor 
are there any infiltration losses. Surface water reservoirs 
sometimes create great ecological disruption with the 
destruction of river line and flood plain environments. 
Productive farmland may also be lost beneath surface 
reservoirs. Such disruptions may be avoided with groundwater 
storage; further more there is not worry over dam safety. On 
the other side of the coin, a person con not waterski in a 
ground water reservoir: 
Aquifers are also used for the storage of natural gas. The 
aquifer must be confined and a structural or stratigraphic 
feature, as an anticline, is required to hold the gas in place, 
wells are drilled through the structure and the gas is pumped 
into the aquifer under pressure. It displaces water and forms a 
bubble in the aquifer. Fresh water could also be stored in salt-
water aquifers, as the former is less dense and would float as a 
bubble in the saline water. 
The safe yield of an aquifer system is the only one facet 
of a ground water management system. Artificial augmentation 
of precipitation or recharge could increase the amount of water 
that can be withdrawn on a sustained basis. The use of ground 
water reservoirs for cyclic storage means that in drought years 
it is necessary, and desirable, to pump water on a temporary 
basis far in excess of the safe yield. Under these conditions, 
the ground water supply would replace surface water supplies 
that might be critically low or be used to irrigate crops 
normally watered by rainfall. 
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In wet years, the ground water reservoir would be 
replenished by above average recharge and pumping at rates 
below the safe yield. 
The development and management of water resources 
must take place within a framework of legal obligations, rights 
and constraints. Naturally these factors differ from country to 
country. There are two basic aspects of the legal frame work: 
common low and legislative law. 
Common laws are the traditional legal aspects level down 
by court decisions. They are based primarily on predecent, but 
can be overturned by later courts if it is felt that societal needs 
have changed. The common law derives its legitimacy from the 
constitution. The final arbitrator of common law is either the 
highest court in a state or Supreme Court depending upon 
whether an action is brought in the state court or federal court. 
Legislative law has two arms: statuary law and 
administrative law. Congress or state legislators may pass laws 
that regulate water, thus creating statutory law. In addition, 
legislative bodies may enable their administrative bodies to 
write rules and regulations that have the power of law, thus 
creating administrative law. 
Water law has traditionally been concerned with the 
quantity of water available. In this regard, a complex body of 
common law has risen. In recent years there has been a trend 
for legislation to be written or allocate water, especially in 
areas where it is scarce, rather than to rely upon common law. 
Society is acting to remedy what the majority sees as 
inadequacies and inequities in the common law. 
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The concept of protecting the quality of ground water is 
relatively recent. Most common law has arisen with respect to 
water quantity. Water quantity issues that have been addressed 
under common law have generally been ones of some specific 
episode of population in which one or more of several common 
law theories e.g. trespass, negligence, private nuisance public 
nuisance, or strict liability have been applied. Legislative law 
that addresses the issue of water quality has been passed at the 
federal, state and local levels. 
The Jaipur urban area suffering from depletion of water 
levels and quality deterioration needs the water resources to be 
managed properly. The following management options can be 
applied: 
Management Options And Remedial Measures 
Development of proper sewerage system: 
Since long, waste disposal system in Jaipur city appears 
to be inadequate / improper resulting in contamination in 
ground water. This is now high time to take special attention 
to rectify the mistakes and to develop proper sewerage system 
immediately. Also need of the hour is to take prompt action for 
repair and maintenance of the existing sewerage systems in 
order to check over leakages and seepage of the pollutant. 
Periodic maintenance programme for these sewerage systems 
should also be planned. 
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Abandonment of soak pit system of sanitation: 
Almost all the disease results from pollution of water by 
human and animal facees. Clean water and basic sanitation are 
closely interlinked. A leakage from soak pits is a common 
phenomenon and is a major source of pollution. Therefore, law 
should ban these soak pits. These soak pits should be 
abandoned and construction of new one door to door. The 
concerned authorities in this regard may carry out survey. It 
should be made mandatory to connect all the houses with well-
developed sewerage system only. 
Lining of the drains: 
Unlined drains carrying sewerage / effluents are the 
potential sources of contamination of ground water and 
therefore should be lined urgently. 
Discourage use of nitrate fertilizers: 
Nitrate fertilizers like urea may furnish significant 
quantum of nitrate constituents. Use of these fertilizers for 
gardening, etc. should be discouraged. 
Shifting of cattle establishments: 
Farm animals produce considerable amount of 
nitrogenous organic waste that tends to concentrate at 
place where large number of animals are confined. It is 
suggested that these dairy farms should be shifted to some 
other places. 
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Encourage plantation: 
Plantation not only balances microenvironment system 
but also is likely to reduce nitrate pollution levels. Therefore, 
plantation and vegetation should be encouraged wherever 
found suitable. 
Artificial recharge to groundwater: 
It has been observed that lot of rainwater run off is going 
waste during monsoon period, which can be fruitfully utilized 
for recharging ground water. Various techniques of roof top 
rain water harvesting, bounding of nallas, etc. This will not 
only augment the ground water resources but will dilute and 
flush the polluted area gradually in the urban agglomerate. 
Marking groundwater abstraction structures: 
All the ground water abstraction structure including 
hand pumps with high nitrate and fluoride concentration 
should be marked by red paint so as to avoid their utility by 
the common people for drinking purposes. Alternatively a 
signboard titled "unfit for drinking purposes" may also be 
given a thought. 
Dual water supply schemes: 
Public Health and Engineering Department (PHED) or 
other urban water suppliers like housing societies should 
introduce dual water supply schemes i.e. bringing fresh water 
supply schemes to the affected areas from other areas for 
drinking purposes. 
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High nitrate waters in the walled city and high fluoride waters 
in Sanganer area can be supplied separately for other domestic 
purposes like washing, cleaning, bathing etc. 
Technology development: 
Water has many uses, not all of which require the same 
level of treatment. For example, water for gardening need not 
be treated to the same level as water for drinking. But reducing 
standards for some use and not for others would entail greater 
risks. Supplying different varieties of water for different 
commercial uses or for different consumers would be much 
more expensive than supplying the same quality of water for 
all purposes. Available technologies for the treatment of water 
for nitrates and fluorides should be evaluated and cost 
effective and eco-friendly technologies adopted. 
Public awareness: 
Awareness among the public and other NGO's about the 
adverse effects of chemical contaminants should be 
encouraged. 
The public should be made aware of the importance of 
hygiene, the dangers of pollution, and benefits of 
environmental preservation. Close partnerships involving all 
stakeholders, government authorities at different levels, 
industry, academia, NGOs and local communities should be 
encouraged. 
206 
Household methods of treating water: 
By treating water at home fluoride can be removed from 
it and water can be used for drinking purposes. Treatment 
involves use of lime, and bleaching powder 
Alternative source of drinking water: 
Alternative sources of fresh drinking water must be 
evaluated where water is free from pollution. 
This investigation can ascertain the quality of water and 
water conditions, which can be used for drinking purpose. 
Alternative matter of chemical dye: 
In the study area it is evaluated that dyeing industries are 
the major sources of fluoride pollution, which use chemical 
dye. This dye can be replaced by such dyeing matter, which 
should not contain fluoride. This method can minimize the 
fluoride contents. 
Artificial Recharge Processes 
Artificial Recharge to Groundwater: 
The artificial recharge to groundwater aims at augmentation of 
groundwater reservoir by modifying the natural movement of 
surface water utilizing suitable civil construction techniques. 
Artificial recharge techniques normally address to following 
issues-
(i) To enhance the sustainable yield in areas where over-
development has depleted the aquifer. 
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(ii) Conservation and storage of surface water for future 
requirements. Since these requirements often changes 
within a season or a period. 
(iii) To improve the quality of existing groundwater 
through dilution. 
(iv) To remove bacteriological and other impurities from 
sewage and wastewater so that water is suitable for re-
use. 
The basic requirement for recharging the groundwater is to 
restore supplies from aquifers depleted due to excessive 
groundwater development. 
Assessment Of Sub-surface Potential For Groundwater 
Recharge: 
Based on the hydrogeological and geophysical survey, the 
thickness of potential unsaturated zone for recharge should be 
worked out to assess the potential for artificial recharge in 
terms of volume of water, which can be accommodated in this 
zone vis-a-vis sources water availability. 
Artificial Recharge Techniques And Designs: 
Wide spectrums of techniques are in vogue to recharge 
groundwater reservoir. Similar to the variations in 
hydrogeological framework the artificial recharge techniques 
too vary widely. The artificial recharge techniques can be 
broadly categorized as follows: 
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a. Direct surface techniques: 
• Flooding 
• Basins or percolation tanks 
• Stream augmentation 
• Ditch and furrow system 
• Over irrigation 
b. Direct sub surface techniques: 
• Injection wells or recharge wells 
• Recharge pits and shafts 
• Dug wells recharge 
• Bore hole flooding 
• Natural openings, cavity fillings 
c. Combination surface - sub - surface techniques: 
• Basin or percolation tanks with pit shaft or wells. 
d. Indirect Techniques 
• Induced recharge form surface water source 
• Aquifer modification. 
Artificial Recharge Structures: 
Ditch and Furrow Method: 
In areas with irregular topography shallow flat-bottomed 
and closely spaced ditches or furrows provide maximum water 
contact area for recharge water from source stream or canal. 
This technique requires less soil preparation that the recharge 
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basins and is less sensitive to sitting. Generally three patterns 
of ditch and furrow system are adopted. 
Lateral Ditch Pattern: 
The water from stream is diverted to the feeder 
canal/ditch from which smaller ditches are made at right 
angles. Gate valves control the rate of flow of water from the 
feeder canal to these ditches. 
The furrow depth is kept according to the topography and 
also with the aim that maximum wetted surface is available 
along with maintenance of uniform velocity. The excess water 
is routed to the main stream through a return canal along with 
residual silt. 
Dendritic Pattern: 
The water stream can be diverted from the main canal to 
a series of smaller ditches spread in a dendritic pattern. The 
bifurcation of ditches continues until practically all the water 
is infiltrated in the ground. 
Contour Pattern: 
The ditches are excavated following the ground surface 
contour of the area. When the ditch comes closer to the stream 
a switchback is made and thus the ditch is made to meander 
back and forth to spread water repeatedly. At the lowest point 
down stream the ditch joins the main stream thus returning the 
excess water to it. 
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Percolation Tanks (PT) / Spreading Basin: 
These are the most prevalent structures in India as a 
measure to recharge the ground water reservoir both in alluvial 
as well as hard rock formations. The efficacy and feasibility of 
these structures is more in hard rock formation where the rocks 
are highly fractured and weathered. 
Check Dams, Cement Plug, Nala Bunds: 
A series of small bunds or weirs are made across selected 
nala sections such that the flow of surface water in the stream 
channel is impended and such water is retained on pervious 
soil/rock surface for longer body. Nala bunds are constructed 
across bigger nalas of second order streams in areas having 
gentler slopes, A nala bund acts like a mini percolation tank. 
Site Characteristic and Design Guidelines: 
For selecting a site for check dams/nala bunds the following 
conditions may be observed. 
l .The total catchment of the nala should normally be 
between 40 to 100 hectares, though the local situations 
can be guiding factor in this. 
2. The rainfall in the catchment should be less than 
lOOmm/annum. 
3. The width of nala bed should be at least 5 metres and not 
exceed 15 metres and the depth of bed should not be less 
than 1 metre. 
4. The soil down stream of the bund should not be prone to 
water logging and should have pH between 6.5 to 8. 
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5. The lands downstream of check dam/bund should have 
irrigable land under well irrigation. 
6. The nala bunds should be preferably located in area 
where contour or graded bunding of lands have been 
carried out. 
7. The rock strata exposed in the ponded area should be 
adequately permeable to cause ground water recharge 
through ponded water. 
8. Nala bund is generally a small earthen dam with a cut off 
core wall on brickwork, though cement bund/plugs are 
now prevalent, 
9. For the foundation for core wall a trench is dug 0.6 m 
v.'ide in hard rock or 1.2 metres in soft rock of 
impervious nature. A core brick cement wall is erected 
0.6m wide to stand at least 2.5 metres above nala bed and 
the remaining portion of trench is back filled or upstream 
side by impervious clay. The core wall is buttressed on 
both sides by a bund made up of local clays and on the 
upstream face stone pitching is done. 
10.Normally the final dimension of the nala bund are: length 
to 15 metres, height 2 to 3 metres and width 1 to 3 metres 
generally constructed in a trapezoidal form. If the 
bedrock is highly fractured, cement grouting is done to 
make the foundation leakage free. 
The check dams are also popular feasible in bhabar, kandi 
and talus scree areas of Uttar Pradesh. Punjab, and 
Maharashtra and have substaintial impact on augmentation of 
ground water. 
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Gabion Structure: 
This is a kind ot check dam being commonly constructed 
across small stream to conserve stream flows with practically 
no submergence beyond stream course. The boulders locally 
available are stored in a steel wire. 
This is put up across the stream's mesh to make it as a small 
dam by anchoring it to streamside. The neight to such 
structures is around 0.5 m and is normally used in the streams 
with width of about 10 to 15m. The cost of such structures is 
around Rs. 10 to 15000/-. The excess water overflows this 
structure storing some water to serve as source of recharge. 
The silt content of stream water in due course is deposited in 
the interstices of the boulders to make it more impermeable. 
These structures are common in the State of Maharashtra, 
Madhya Pradch, and Andhra Pradesh etc. 
Dug Well Recharge: 
In alluvial as well as hard rock areas, there are thousands 
of dug wells, which have either gone dry, or the water levels 
have declined considerably. These dug wells can be used as 
structures to recharge the groundwater reservoir. Storm water, 
tank water, canal water etc. can be diverted into these 
structures to directly recharge the dried aquifer. By doing so 
the soil moisture losses during the normal process of artificial 
recharge, are reduced. 
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Recharge Shaft: 
These are the most efficient and cost-effective structures 
to recharge the aquifer directly. In the areas where sources of 
water is available either for some time or perennially e.g. base 
flow, springs etc, the recharge shaft can be constructed. 
Following are site characteristics and design guidelines: -
(i). To be dug manually if the strata is of non-caving 
nature. 
(ii). If the strata is caving, proper permeable lining in the 
form of open work, boulder lining should be provided. 
(iii). The diameter of shaft should normally be more than 2 
m to accommodate more water and to avoid eddies in 
the well. 
(iv). In the areas where source water is having silt, the shaft 
should be filled with boulder, gravel and sand from 
bottom to have inverted filter. The upper sandiest layer 
has to be removed and cleaned periodically. A filter is 
provided before the source water enters the shaft. 
(v). When water is put into the recharge shaft directly 
through pipes, air-bubbles are also sucked into the 
shaft through the pipe, which can choke the aquifer. 
The injection pipe should therefore be lowered below 
the water level, to avoid this. 
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Vertical Recharge Shaft - The vertical recharge shaft can be 
further improvised with injection well at the bottom of the 
shaft. 
(a) Without injection well: 
• Ideally suited for deep water levels (upto 15 meters 
b.g.l.) 
• Presence of clay is encountered within 15 m. 
• Effective in the areas of less vertical natural recharge 
• Copious water available can be effectively recharged. 
• Effective with silt water also (using inverted filter 
consisting of layers of sand, gravel and boulder) 
• Depth and diameter depends upon the depth of aquifer 
and volume of water to be recharged. 
• The rate of recharge depends on the aquifer material 
and silt content in the water. 
• The rate of recharge with inverted filter ranges from 7-
14 Ips for 2-3 meter diameter. 
(b) With injection well: 
In this technique at the bottom of recharge shaft a 
injection well of 100-150 mm diameter is constructed piercing 
through the layers of impermeable horizon to the potential 
aquifers to be reached about 3 to 5 meter below the water 
level. 
• Ideally suitable for very deep water levels (more than 
15 meters). 
• Impervious thick clay beds overlay aquifer. 
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• Injection well can be with or without assembly. 
• The injection well without assembly is filled with 
gravel to provide hydraulic continuity so that water is 
directly recharged into the aquifer. 
• The injection well without assembly is very cost -
effective. 
• Depending upon volume of water to be injected, 
number of injection wells can be increased to enhance 
the recharge rate. 
• The efficiency is very high and rate of recharge goes 
even up to 15 Ips at certain places. 
Lateral Recharge Shaft: 
• Ideally suited for areas where permeable sandy horizon 
is within 3 meter below ground water continues up to 
the water level - under unconfined conditions. 
• Copious water available can be easily recharged due to 
large storage and recharge potential. 
• Silt water can be easily recharged. 
• 2 to 3 meter wide and 2 to 3 meter deep trench is 
excavated, length of which depends on the volume of 
water to be handled. 
• With and without injection well. 
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Artificial Recharge Througli Injection Wells: 
The injections wells are advantageous when land is 
scarce, Hydraulically the effectiveness of induction of water in 
injection well is determined by: 
(a) Pumping rate 
(b) Permeability of aquifer 
(c) Distance from stream 
(d) Natural ground water gradient 
(e) Type of well 
In alluvial injection well recharging a single aquifer or 
multiple aquifers can be constructed to normal gravel packed 
pumping well. An injection pipe with opening against the 
aquifer to be recharged may be sufficient. However in case of 
number of permeable zones separated by impervious rocks, a 
properly designed injection well inlet pipe against each aquifer 
to be recharged is needed to be constructed. The injection well 
as a means of artificial recharge are comparatively costlier and 
require specialized techniques of tubewell constructed and 
supported by operation and maintenance to protect the 
recharge well from clogging. 
Ground Water Dams or Underground Bandharas (UGB): 
A groundwater dam is a sub-surface barrier across 
stream, which retards the natural ground water flow of the 
system and stores water below ground surface to meet the 
demands during the period of need. 
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In alluvial areas injection well recharging a single 
aquifer or multiple aquifers can be constructed in a fashion 
similar to normal gravel packed pumping well. The only 
difference is that cement sealing of the upper section of the 
well is done in order to prevent the injection pressures from 
forcing leakage of water through the annular-space of borehole 
and well assembly. In hard rock areas casing and well screens 
may not be required. An injection pipe with opening against 
the aquifer to be recharged may be sufficient. However in case 
of number of permeable horizons, separated by impervious 
rocks like vesicular basalts or cavernous limestones, a 
properly designed injection well may be constructed with 
slotted pipe against the aquifer to be recharged. In practice the 
injection rates are limited by the physical characteristics of the 
aquifer. In vicinity of well the speed of ground water flow may 
increase to the point that the aquifer is eroded specially if it is 
made up of unconsolidated or semi-consolidated rocks. In 
confined aquifer confining layers may fail if too great pressure 
is created under them. If this occurs the aquifer will become 
clogged in the vicinity of the borehole and / or may collapse. 
Roof Top Rain Water Harvesting: 
In Urban areas the roof top rainwater can be conserved 
and used for recharge of groundwater. The approach requires 
connecting the outlet pipe to divert the water to either existing 
well/tubewells/borewell or specially designed well. The urban 
housing complexes or institutional buildings have large roof 
areas and can be utilized for harvesting roof top rainwater to 
recharge aquifer in urban areas. 
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Design considerations: 
Their most important components, which need to be 
evaluated for designing the rainwater harvesting structures, 
are: 
1. Hydrogeology of the area including nature and extent of 
aquifer, soil cover, topography, depth to water levels and 
chemical quality of ground water. 
2. Area contributing for runoff. 
3. Hydrometeorological character viz rainfall duration, 
general pattern and intensity of rainfall. 
Design criteria of recharge structures: 
Recharge structures should be designed based on 
availability of space, availability of runoff, depth to water 
table and lithology of the area. 
Assessment of runoff: 
The runoff should be assessed accurately for designing 
the recharge structure and may be assessed by following 
formula: 
Runoff = catchment area x runoff coefficient x rainfall 
Runoff Coefficients: 
Runoff coefficient plays an important role in assessing 
the runoff availability and it depends upon catchment 
characteristics. 
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Table-XXX: Availability Of Rain Water Through Roof Top 
Rain Water Harvesting 
Rainfall (mm) 
Roof top area 
(sqm) 
20 
30 
40 
50 
60 
70 
80 
90 
100 
150 
200 
250 
300 
400 
500 
1000 
2000 
3000 
100 200 300 400 500 600 800 1000 1200 1400 1600 1800 2000 
Han'ested water fhjm Rooftop (cum) 
1.6 
2.4 
3.2 
4 
4.8 
5.6 
6.4 
7.2 
8 
12 
16 
20 
24 
32 
40 
80 
160 
240 
3.2 
4.8 
6.4 
8 
9.6 
11.2 
12.8 
14.4 
16 
24 
32 
40 
48 
64 
80 
160 
320 
480 
4.8 
7.2 
9.6 
12 
14.4 
16.8 
19.2 
21.6 
24 
36 
48 
60 
72 
96 
120 
240 
480 
720 
6.4 
9.6 
12.8 
16 
19.2 
22.4 
25.6 
28.8 
32 
48 
64 
80 
96 
128 
160 
320 
640 
960 
8 
12 
16 
20 
24 
28 
32 
36 
40 
60 
80 
100 
120 
160 
200 
400 
800 
1200 
9.6 
14.4 
19.2 
24 
28.8 
33.6 
38.4 
43.2 
48 
72 
96 
120 
144 
192 
240 
480 
960 
1440 
12.8 
19.2 
25.6 
32 
38.4 
44.8 
51.2 
57.6 
64 
96 
128 
160 
192 
256 
320 
640 
1280 
1920 
14 
24 
32 
40 
48 
56 
64 
72 
80 
120 
160 
200 
240 
320 
400 
800 
1600 
2400 
19.2 
28.8 
38.4 
48 
57.6 
67.2 
76.8 
86.4 
96 
144 
192 
240 
288 
384 
480 
960 
1920 
2880 
22.4 
33.6 
44.8 
56 
67.2 
78.4 
89.9 
100.8 
112 
168 
224 
280 
336 
448 
560 
1120 
2240 
3360 
25.6 
38.4 
51.2 
64 
76.8 
89.6 
102.5 
115.2 
128 
192 
256 
320 
384 
512 
640 
1280 
2560 
3840 
28.8 
43.2 
57.6 
72 
86.4 
100.8 
115.2 
129.6 
144 
216 
288 
360 
432 
576 
720 
1440 
2880 
4320 
32 
48 
64 
80 
96 
112 
128 
144 
160 
240 
320 
400 
480 
640 
800 
1600 
3200 
4800 
Source: C.G.W.B.Jaipur 
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Table - XXXI: Runoff Coefficient Values 
Type of Catchment 
Root Top 
Pared Area 
Bare Around 
Green Area 
Runoff Coefficient 
0.75-0.95 
0.50-0.85 
0.10-0.20 
0.05-0.10 
Source: C.G.W.B. Jaipur 
Population of Jaipur urban area has increased more than 
three times during last three decades along with increase in 
domestic and industrial water supply demands many folds. 
Increase in urban settlement area many fold has resulted into 
conservation of large area into concreted form and this 
increase has caused constant decrease in rechargeable area. To 
cater increased water supply demands. There is tremendous 
pressure mounted on ground water extraction successively. The 
successive increase in ground water extraction on the one hand 
and shrinkage in rechargeable area on the other hand resulted 
into depletion of ground water resources, decline in water 
level and deterioration in chemical quality. 
Net annual ground water draft in the area is 88.03 mem 
(million meter) per year and recharge to the ground water is 
36.97 mem (million-' meter) per year, which results in the 
annual ground water balance of (-) 51.44 mem (million^ 
meter). Stage of ground water development is 239% and area is 
categorized as over exploited because annual decline in water 
level is 0.50 to 1.19 m. So it becomes important to charge the 
ground water in the area artificially. 
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Of the various artificial recharge schemes described 
recharge processes adopted in the area are recharge through 
tanks and ponds and rooftop rainwater harvesting schemes. 
Recharge through tanks and ponds in being done in the 
area by construction of 20 tanks and ponds in different rock 
types, which are given in the table (Table-XXXII). There are 3 
tanks in Amer area, which are located in alluvial aquifer zone 
covering an average water spread area of 1.80 sq. kms. 
Seepage factor of these ponds is 1.40 mm per day and total 
seepage within 120 days is 0.3024 mem (million'^ meter) of 
which during 75 days of non-monsoon season seepage is 
0.1890 mem (million^ meter) and during monsoon season 
seepage is 0.1134 mem (million^ meter). 
Jhotwara block comprises 20 tanks of which 8 are 
situated in aeolian sand zone and 4 are situated in schist zone 
while Sanganer block consists 5 tanks in alluvium and 4 in 
older alluvium covering average water spread area of 2.46 sq. 
kms. 
Roof top rain water harvesting schemes have been 
employed in the area for which 14 roof top rain water 
harvesting structures have been constructed in the urban area. 
These are at Bhumijal Bhawan, Central Ground Water Board, 
Ground water Department Building, Governemnt of Rajasthan, 
Malviya Regional Engineering College, State Secretariat, 
South Western Part, Rajasthan High Courrt, North Eastern 
Part, Governor House Premises, R.A.C. Barrack, Governor 
House, Chief Minister Residence Premises, Vitta Bhawan, 
Government of Rajasthan, Reserve Bank of India Premises, 
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Nehru Bharwan, and Officers Training School (OTS). Salient 
features of these are given in table (Table XXXVI). 
Table XXXII: Recharge Through Tanks & Ponds In Jaipur 
s. 
No. 
1 
2 
3 
4 
5 
Tota 
Block 
Amer 
Jhotwara 
Sanganer 
Potential 
zone 
A 
Ao 
Sc 
A 
Ao 
No. 
of 
Tanks 
3 
8 
4 
1 
4 
20 
Average 
Water 
Spread 
area 
(Sq. 
km.) 
1.80 
3.68 
1.84 
0.60 
1.86 
9.78 
Seepage 
Factor 
(mm/day) 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
Total 
Seepage 
120 
days 
(mem) 
0.3024 
6182 
0.3091 
0.1008 
0.3136 
1.6441 
Non-
monsoon 
Seepage 
75 days 
(mem) 
0.1890 
0.3864 
0.1932 
0.0630 
0.1960 
1.0276 
Monsoon 
seepage 
45 days 
(mem) 
0.1134 
i 
030.2318 
0.1159 ; 
0.0378 i 
1 
! 
0.1176 1 
0.5787 i 
Source: C.G.W.B. 
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Earth appears to be the only planet in the solar system, 
which has anything similar to the soil, whicn covers almost the 
entire land surface in the form of a thin skin. The surviving 
thin cover however, absorbs a good part of the rain and stores 
it in the weathered mantle below. This water is not stationary 
but moves to the lower sections of the valley slowly and 
contributes to river flow in summer months. The bulk of the 
recharge is reflected in the changes of water level in wells. 
This is natural ground water recharge, which takes place 
imperceptibly and without human intervention or assistance. 
The deeper one goes underground in search of water, the 
quantity encountered becomes less and less and the movement 
of this water is so slow that it may take a century to recharge 
the fractured / fissured zone. At still greater depths of over 
100m and upto 300m recharge may take several centuries or 
even a millennium. Ground water recharge can only mean the 
natural recharge of the shallow aquifer limited at best to a 
depth of 100 m below surface. This recharge of aquifer is 
natural and for which no special efforts are necessary except 
preparing the ground for impounding rain water and thus 
promoting its percolation underground (Radhakrishna, 2003). 
Knowledge of the mechanisms of water infiltration in 
sand dunes and wadis is a key to understanding the 
hydrological conditions in arid and semi-arid regions. To trace 
infiltration processes in sand dunes, an artificially rainfall 
infiltration experiment was conducted in a typical sand dune in 
United Arab Emirates. 
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Thermal sense and transmitters were set at two sites, a 
rainfall test site and a natural site at depths of 10,30,60,120 
and 200cm, respectively. For a start the variations in 
temperature between the sites were compared with tension as 
well as soil water at the same depths. Field observation in the 
sand dune has a very close relation with the water content. 
Then the scheme combined with temperature difference and 
moving average was tested in tracing the temperature variation 
with movement of the infiltrating front. 
It was found that the vertical temperature correlated well 
with the water movement in the sand dune from which the 
average velocity of infiltration was estimated at 3 cm/hour 
(Tangi, Shindo, Sakura and Machida, 2003). 
Two different unsaturated zone modeling technologies 
representing two main classes of unsaturated zone models 
(water-balance and Richards equation based) were used to 
assess ground water recharge for a hypothetical homogeneous 
profile and three real profiles of the water 100 Moraine with 
deep ground water level. The average rate assessed with the 
HELP technology for water 100 Moraine is 8.3 cm/year for low 
permeability silt till and silt areas and 18.7 cm/year for area 
built from sandy and gravely deposits. Assessment of the 
average annual recharge obtained with HELP and 
HELP/VS2DT technologies are very close, with the maximum 
difference equal to 12% comparison with result obtained 
independent with the tritium profile method was in favor of the 
HELP technology, which predicted the annual recharge with 
4% error. 
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The effectiveness of the two modeling technologies was 
assessed. The HELP technology, because of the solution 
method and interface capabilities, provides a quick and 
effective means for assessing ground water recharge by 
contrast the HELP/VS2DT technology appears to be very 
sensitive to the profile settlings and much harder to 
manipulate. Under conditions of multiplayer profile with the 
layers of contrast lithologies, the VS2DT model becomes 
nearly inapplicable. 
It is contended that the HELP technology has all the 
necessary qualities to become a care of the computational 
technology for assessing groundwater recharge rates (Gogolev 
2002). 
Deterioration of fresh ground water resources caused by 
salinization is a growing issue in many arid and semiarid parts 
of the world. Leany, Herczeg and Walker, (2003) discuss here 
the incipient salinization of a 104 km^ area of fresh ground 
water (< 300mg/l) in the semiarid Murray Basin of Australia 
caused by wide spread changes in land use. Ground water '''C 
concentrations and unsaturated zone CI soil water inventories 
indicate that the low salinity ground water originated mainly 
from pale recharge during wet climatic periods more than 
20,000 years ago. 
However, much of the soil water in the 20 to 60m thick 
unsaturated zones throughout the area is generally saline 
(>15,000mg/l) because of relatively high evapotranspiration 
during the predominantly semiarid climate of the last 20,000 
years. 
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Widespread clearing of native vegetation over the last 
100 years and replacement with crops and pastures leads to 
enhancement of recharge rates that progressively displace the 
saline soil-water from the unsaturated zone into the ground 
water. To quantity the impact of this new hydrologic regime, a 
new one-dimensional model that simulates projected ground 
water salinities as a function of depth to ground water, 
recharge rates and soil water salt inventory was developed. 
Results from the model suggest that, in some areas, the 
ground water salinity within the top 10m of the water table is 
likely to increase by a factor of 2 to 6 during the next 100 
years. Ground water quality will therefore potentially degrade 
beyond the point of usefulness well before extraction of the 
ground water exhausts the resource (Leany, Herczeg and 
Walker, 2003). 
Across the Great Plains irrigation canals are used to 
transport water to cropland. Many of those canals are unlined, 
and leakage from them has been the focus of an ongoing legal, 
economic and philosophical debate as to whether this lost 
water should be considered waste or be viewed as a beneficial 
and reasonable use since it contributes to regional ground 
water recharge. While historically there has been much 
speculation about the impact of canal leakage on local ground 
water, actual data are scare. This study was launched to 
investigate the impact of leakage from the interstate canal, in 
the western panhandle of Nebraska, on the hydrology and 
water quality of the local aquifer using water chemistry and 
environmental isotopes. 
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Numerous monitoring wells installed in and around a small 
wetland area adjacent to the canal, and ground water levels 
were monitored from June 1992, until January 1995 using the 
water level data the seepage loss from the canal was estimated. 
In additions, the canal the monitoring wells and several nearly 
stock and irrigation wells were sampled for inorganic and 
environmental isotope analysis to assess water quality changes 
and to determine the extent of recharge resulting from canal 
leakage. 
The results of water level monitoring within the study 
wells indicates a rise in local groundwater levels occur 
seasonally as a result of leakage during periods when the canal 
is filled. This rise in local ground water redecorators local 
ground water flow and provides water to nearly wetland 
ecosystems. During the summer months chemical and isotopic 
results were used to delineable canal, surface and groundwater 
and indicate that leaking canal water recharges both the 
surface alluvial aquifer and upper portions of the underlying 
Brule Aquifer. The results of this study indicate that loning 
the interstate canal could lower ground water levels adjacent 
to the canal and could adversely impact the local aquifer 
(Harvey and Steven, 2001). 
The sate government of Ceara initiated a program of 
releasing water from drains in order to sustain a continual flow 
of water in the state's naturally intermittent rivers. However 
river/groundwater connections in alluvial area impose heavy 
losses on regulated discharge. 
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Their study area the "Ilha de Limoerio" (Isle of Limoerio) is 
located in the lower Jaguaribe Basin and comprises an area of 
approximately 120 km . We used environmental oilygen - 18 
and deuterium together with hydrochemistry in order to 
identify the origin of ground water, which is heavily exploited 
for intensive small-scale irrigation in that part of the flood 
(Santiago, Frischkorn, Neto and Filho, 2001). 
A digital procedure to estimate recharge / discharge rates 
that requires relatively short preparation time and uses readily 
available data was applied to a setting in central Wisconsin. 
The method required only measurement of the water table, 
fluxes such as stream base flows, bottom of the system, and 
hydraulic conductivity to delineate approximates recharge 
discharge zones and to estimate rates. The method uses 
interpolation of the water table surface recharge / discharge 
mapping, pattern recognition, and a parameter estignation 
model. The surface interpolator used is based on the theory of 
racial basis function with thin plate splines. The recharge / 
discharge mapping are critically dependent on the accuracy of 
the water table interpolating and the accuracy and number of 
water table measurements. The recharge pattern recognition is 
performed with the help of a graphical used interface program 
(GUI) based on several algorithms used in image processing. 
Pattern recognition is needed to identify the recharge / 
discharge zonations and zone the results of the mapping 
method. The parameter estimation program VCODE calculates 
the parameter values that provide a best fit between simulated 
heads and flows and calibration head - and - flow targets. 
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A model of the Buena - vista ground water basin in the central 
sand plains of Wisconsin used to demonstrate the procedure 
(Lini and Anderson 2003). 
Reliable ground water models require both an accurate 
physical representation of the system and appropriate boundary 
conditions. While physical attributes are generally considered 
state, boundary conditions. Such as groundwater recharge 
rates, can be highly variable in both space and time. 
A particular methodology incorporating the hydrologic 
model HELP 3 in conjunction with a geographic information 
system was developed to generate physically based and highly 
detailed recharge boundary conditions for ground water 
modeling. The approach uses daily precipitation and 
temperature records in addition to land use / land cover and 
soils data. The importance of the method in transient 
groundwater modeling is demonstrated by applying it to a 
MODFLOW modeling study in New Jersey. 
In addition to improved model calibration the results 
from the study clearly indicate the importance of using a 
physically based and highly detailed recharge boundary 
condition in groundwater quality modeling, where the defailed 
knowledge of the evolution of the ground water flow paths is 
imperative. The simulated water table is within 0.5m of the 
observed values using the method while the water levels can 
differ by as much as 2m using uniform recharge conditions. 
The results also show that the combination of temperature and 
precipitation plays an important vote in the amount timing of 
recharge in cooler climates. 
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A sensibility analysis further reveals that increasing the 
leaf area index, the evaporative zone depth, or the curve 
number in the model will result in decreased recharge rates 
over time, with the curve number having the greatest impact 
(Jyrkama, Sykes and Normani 2002). 
A hydrodynamic survey carried out in semiarid south 
west Niger revealed a increase in the unconfined groundwater 
reserves of approximately 10% over the last 50 years due to 
the clearing of native vegetation. Isotopic samplings (3H, 180, 
2H for water and 14C, ISC for the dissolved inorganic carbon) 
were performed on about 3500 km of this silty aquifer to 
characterize recharge. Stable isotope analyses confirmed the 
indirect recharge process that had already been shown by 
hydrodynamic surveys and suggested the tracers are 
exclusively of atmospheric origin. An analytical model that 
takes into account the long-term rise in the water table was 
used to interpret 3H and 14C contents in groundwater. The 
natural, preclearing median annual renewal rate (i.e. recharge 
as a fraction of the sutured aquifer volume.) lies between 
0.04% and 0.06%) for representative characteristics of the 
aquifer (30m. of saturated thickness, porosity between 10% 
and 25%)), this implies a recharge of between 1 and 5 mm/year, 
which is much lower than the estimates of 20 to 50mm/year for 
recent years, obtained using hydrologic and hydrodynamic 
methods and same aquifer parameter. 
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Their study, therefore reveals that land clearing in semiarid 
Niger increased ground water recharge by about one order of 
magnitude (Faureau, Leduc, Morlin, Dray, Taupin, Massault, 
Salle and Babic, 2002). 
A method is described to estimate the distribution of 
groundwater recharge within hydrographic basin in the great 
basin region of the southwestern united states on the basis of 
estimated runoff from high mountainous areas and subsequent 
infiltration in alluvial fans surrounding the intermontane with 
the procedure involves a combination of geographic 
information system (GIS) analysis, empirical surface-runoff 
modeling and water-balance calculations. The method 
addresses the need to develop and incorporate constraints on 
the distribution of recharge in regional - scale groundwater 
flow modeling of semi-arid environments. The conceptual 
approach and methodology were developed for Crescent valley, 
Nevada. However the concept and methods are generally 
applicable to any region where excess precipitation is 
conveyed from upland area to lower elevations before it 
infiltrates to recharge the groundwater system. Application of 
the procedure to a groundwater flow model of Crescent valley 
appears both qualitatively and quantitatively to result in a 
more accurate representation of actual recharge conditions 
than might otherwise have been prescribed (Moonaw, Davis 
and Stone, 2001). 
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Artificial recharge of ground water through geologic 
formation is of interest in Jordan as it is a proven water 
resources management technique that increases the efficiency 
of water use. This paper documents the research conducted 
into designing a series of small recharge dams on three 
connected valleys. 
With 50 potential sites previously screened, the focus 
was on the final selected location in the Jordanian desert, in 
which detailed topographical and hydrological surveys were 
used to determine the optimal locations for construction of 
surface water retention structures. The research produced 
designs for integrated system of seven 2.5 m dikes and one 5-
m dam with a total potential recharge volume of 500,000m^ 
once constructed these multi-stage reservoirs will conserve 
part of the water being last and will provide additional ground 
water for future use. 
The research fills a gap in the lack of standard designs 
that can be expanded and replicated in other in Jordan and 
elsewhere (Abu-Taleb 2003). 
The purpose of paper by Chen and Lee (2003) is to 
estimate groundwater recharge based on the investigation of 
the balance between groundwater recharge and discharge from 
stream flow hydrographs. Two methods of hydrograph analysis 
are employed in a case - study of cho-shui river basin, Taiwan. 
The first is the recession-curve-displacement method, which 
assumes the variety of the master recession curve while the 
profile of the ground water head distribution is nearly stable. 
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The second method is the base-flow record estimation which 
uses a relatively arbitrary procedure to estimate a continuous 
record of groundwater discharge (base flow) under the stream 
flow hydrograph though implementing these two methods the 
annual rates of groundwater recharge and infiltration in the 
area of cho-shui River basin are examined as their case study 
results showed that the discharge calculated by the methods of 
base - flow record estimation is about 16% average than the 
recharge calculated by the recession curve-displacement 
method in the mountain region. 
Naturally occurring long-term mean annual base recharge 
to groundwater in Nebraska was estimated with the help of a 
water balance approach and an objective automated technique 
for base-flow separation involving minimal parameter -
optimization requirements. Base recharge is equal to total 
recharge and sums the amount of evapotranspiration coming 
directly from ground water. The estimate of evapotranspiration 
in the water balance equation avoids the need to specify a 
configuring drainage area for groundwater, which in certain 
means may be considerably different from the drainage area 
for surface run-off. Evapotranspiration was calculated by WRE 
VAP model of the solar and meteorological surface 
observation Network (SAMSON) sites. Long-term mean annual 
base recharge was derived by determining the product of 
estimated long-term mean annual runoff (the difference 
between precipitation and evapotranspiration) and the base-
flow index (BFI). 
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The BFI was calculated from discharge data obtained from the 
U.S. Geological Survey's gauging stations in Nebraska. 
Mapping was achieved by using geographic information system 
(GIS) and geostatistics. This approach is best surfed for 
regional-scale applications. It does not require compiled 
hydrologic modeling for detailed knowledge of soil 
characteristics vegetation cover, or land use practices. Long-
term mean annual base recharge rates in excess of 110 
mm/year - resulted in the extreme eastern part of Nebraska. 
The western portion of the state expressed rates of only 
15 to 20 mm annually, while the sand hill requires of north -
central Nebraska was estimated to receive twice as much base 
recharge (40 to 50mm/year) as area south of it (Szilagyi, 
Harvey and Ayers, 2003). 
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CHAPTER -8 
SUMMARY AND CONCLUSION 
Water the elixir of life is considered as most abundant 
element on the earth but the part of water, which is usable for 
the various purposes, is less in quantity. Every aspect of life 
and every daily use activity require some amount of water so 
the world can move without diesel and petrol but there is no 
possibility of life on the earth without water. It has always 
been a matter of concern from the older times as evidenced by 
great ancient poet Raheem 
Rahiman paani raakhiye bin paani sab soon, 
Paani gaye na oobare moti, manus, choon. 
These lines also describe the necessity of water and its 
conservation. Agriculture can flourish in some deserts, but 
only with water either pumped from the ground or imported 
from other areas. Ryan(2004) has stated that in India the 
groundwater table is receding faster than it is in the rest of the 
world. The result is that we can get a cola or whisky easily but 
not a bottle of pure water. 
However, the Rajashtan of which Jaipur is the capital is 
situated in the Thar deserts of the Indian subcontinent has 
always suffered from water crisis. Years of rapid population 
growth and increasing water consumption for agriculture, 
industry, municipalities, and other areas have strained the 
fresh water resources. 
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Until quite recently, rural populations depended on 
surface water from lakes, ponds, wells, and rivers that exposed 
them 10 a variety of water related diseases. The shift from 
surface to groundwater has undoubtedly reduced the risk of 
microbial contamination despite the fact that most water 
remains untreated. However, this shift has given rise to 
another set of problems. In some parts of the region, 
groundwater is contaminated with chemicals that are harmful 
to health. 
In the present study related to the Jaipur Urban area 
under topic "Water status, quality development and 
augmentation of water resources in urban limits of Jaipur, 
Rajashtan" every aspect of ground water hydrology has been 
measured with intense care. The study involves groundwater 
level measurement through piezometers located in the area and 
measuring the water level fluctuation, occurrence of ground 
water, movement of ground water, ground water quality by 
measuring different chemical constituents dissolved in ground 
water, estimation of recharge and discharge and overall 
management options in regard to problems of over-exploitation 
and quality degradation step by step. 
Water plays a decisive and crucial role in the growth and 
location of settlements, the demand for water has been rising 
in the urban centre not only due to accelerated growth in the 
economic activities and social heads. In the long run this 
rapacious exploitation is bound to end up in an ecological 
crisis if the required pre-equipitive measures are not taken. 
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The Jaipur area comprises almost flat plain land with 
clusters of sand dunes in the south-western part and a long 
rocky ridge extending roughly from north-north east to south-
south west. The Jaipur urban area comprises no main river or 
canal within its agglomerates. It is drained by a Nalla from 
north to south, which meets to the Mendha River in the south 
at Sanganer block outside the urban limit, and this river is also 
ephemeral in nature and flows only in monsoon period. 
To evaluate the geochemical properties of the 
groundwater representative water samples were collected from 
the entire area 
The criteria of water quality may be defined as the 
concentration quality, or intensive measure that if achieved or 
maintained, will allow or make possible a specific water use 
(Mc Cutcheon et al. 1992). According to Freeze et al. (1979) 
water is effective on deviating salts because it has a very high 
dielectric constant and because its molecule tend, to combine 
with ions to form hydrated ions. The quality of water changes 
from place to place and season to season depending upon the 
natural and human influences. It is necessary to monitor the 
quality of water in order to ascertain the suitability for certain 
uses which are present in the water samples affect the quality 
of water. 
The successively increasing of chemical in rivers and 
other water bodies, resulting from the enhanced discharge of 
industrial and municipal wastewater has become the major 
problem affecting the water quality. 
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Various industrial plants located in the study area 
discharge significant untreated waste effluents into the river 
through drains and sewage pipes and also on the ground 
surface, which are in the immediate vicinity of the plants. 
Among these wastes, the significant pollutants like BOD, 
COD, DO, suspended solids, oils and greases together with a 
number of trace metals like Cu, Zn, Cr, Mn, Fe, Cd etc, 
subsequently leached down and pollute the surface water and 
associated soil sediments. Position, drainage pattern, soil type 
and chemistry, geology, population pattern, social status and 
other elements of environmentally compatible micro-level 
planning of the region has to be prepared before establishing 
any industrial complex which might help in alleviating the 
pollution and selecting the proper disposal sites. 
As a result of pollution, there is an increasing need to 
treat water before it is suitable for diverse uses like drinking, 
irrigational purposes to treat wastewater before it is 
discharged back to the water cycle. This contamination of 
surface water bodies and soil mainly caused by presence of 
various types of industrial effluents as well as human impact 
i.e. the use of different types of detergents, solid waste 
materials. The quality of water, measures of chemical, physical 
and bacterial constituents are important, depending upon the 
purpose for which it is utilized. 
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The principal sources of water and soil pollution in the 
study area are municipal, industrial and agricultural waste and 
out of these, industrial wastes are the most troublesome to 
control. A survey of major elements and heavy metal 
concentrations in ground water of the study area has been of 
great importance because of their high toxicity and non-
degradable nature and their potential to cause various adverse 
effects in human beings at certain level of exposure and 
adsorption. 
The concentration of chloride in groundwater samples 
ranges in pre and post monsoon between 34.08ppm-477.12ppm 
and 25.56ppm-999.68ppm. In major parts of the area chloride 
content is below 200 mg/l. Higher contents of chloride in 
groundwater (999.68ppm in sample no. 1) and lowest content 
(25.56ppm in sample no. 21) were observed in Jalmahal area in 
the NE and Vidhyadhar Nagar in the NW Jaipur. A high 
concentration of chloride gives salty taste to water and where 
it is in large amounts it results in the corrosion of metal pipes 
and harmful to plant leaf. People who are not accustomed to 
high chloride content in water are subjected to laxative effect. 
Calcium content in water samples of the area ranged in 
pre and post-monsoon period between 30.46 ppm and 141.08 
ppm and 14.42 ppm to 73.74 ppm. The higher concentration of 
calcium was reported during pre-monsoon in Brahmpuri 
(141.08ppm in sample no. 17) and minimum (30.46ppm in 
sample no. 13) from Bhankrota. 
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Various types of industries are located in Brahmpuri area 
like garments, storage batteries industries, printing and paint 
industries etc. the area is densely populated within the old 
walled city area of the Jaipur. These extremely high values of 
calcium may be due to return irrigation flow, unscientific use 
of calcium containing rocks, clay minerals and kankars. 
Calcium is an essential element for muscular and nervous 
system, cardiac functions and in coagulation of blood. Low 
levels of calcium may have adverse effects on human health. 
Higher content is also harmful resulting in the formation of 
kidney and bladder stones and irritation in urinary passages. 
Magnesium concentration in water sample varies in pre 
and post-monsoon periods e.g. Oppm-123.3ppm and 9.99ppm 
to 286.74ppm. In most of the water samples magnesium 
concentration is found to be under permissible limits. 
Magnesium is an essential nutrient for human body with an 
average adult requirement of 200 to 300 mg/1. Magnesium 
deficiency is associated with structural functional changes and 
may cause severe diarrhea. 
Concentration of sodium in groundwater ranges in pre 
and most-monsoon between 17.39mg/i-535.64mg/l and 56mg/l 
to 600mg/l. Higher content of sodium was observed (600mg/l 
in sample no. 1) in Jalmahal in NE of Jaipur during post-
monsoon and lower concentration (17.39mg/l in sample no. 3) 
in Sanganer area in the south of Jaipur. Water and soil have a 
higher degree of sodium due to the proximity of many 
chemical and allied industries. 
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Though sodium is an essential matter of human body, it 's 
higher content in drinking water may be harmful to persons 
suffering from cardio and renal diseases pertaining to 
circulatory system. 
The concentration of potassium in ground water samples 
ranges in pre and post-monsoon period between O mg/1 to 
34.23mg/l and 1.12mg/l to 40.76mg/l respectively. The higher 
values of potassium were recorded during post-monsoon period 
in Jalmahal and Amer areas (sample no. 32&33) in the north of 
Jaipur city. Potassium is less common cation as compared to 
sodium in water, which may be due to reactions with clay 
minerals. The main sources of potassium in the study area may 
be excessive uses of potash fertilizers, weathering of potash 
silicate minerals, rainwater, returned irrigation flow. 
Potassium in the form of fertilizers is excessively used in the 
study area in order to enhance the yield of crops. 
The concentration of sulfate in ground water samples 
ranges in pre and post-monsoon period between 25.51mg/l to 
302.86mg/l and 14.41mg/l to 499.38mg/l respectively. The 
higher values (499.38ppm in sample no. 24) in water samples 
were recorded at Shastrinagar. The main sources of sulfate in 
water include sulphate minerals in sedimentary rocks, 
oxidation of sulphides from igneous and volcanic emanation, 
and various soil amendments such as gypsum, pyrite fertilizer 
and rainwater. 
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The nitrate contents in ground water in study area ranges 
in between both periods such as 98ppm,to 658ppm and 92ppm, 
to 642ppm. Nitrate contents of groundwater from study area 
are much higher than the permissible limits of WHO. 
Excessive intake of drinking water with nitrate content beyond 
permissible limit may cause chemical manifestations of 
diseases called methemoglobinemia (blue baby) in infants, 
whereas, nitrate content in drinking water is considered 
important for its adverse health effect Nitrate can be reduced 
and absorbed into the blood oxidizing the iron for hemoglobin. 
It interferes with oxygen transfer and causes cyanosis. Non-
convincing evidence of a positive relationship between gastric 
cancer and consumption of drinking water containing nitrate 
levels upto lOmg/1 have been noticed. It was reported that 
exposure to dimethylnitrosoumines has produced acute lever 
damage in men working in industrial laboratories. The main 
sources of nitrate in the study area are leakage and seepage 
from sewerage system and soak pits, leak of solid waste 
disposal management also result in nitrate pollution in ground 
water, unlined drains which carry effluent and sewerage 
passing through the city, cattle excreta, use of excessive 
nitrate fertilizers etc. for gardening may attribute to high 
nitrates locally. 
The bicarbonate and carbonate contents in water under 
study ranges in between both periods such as 0 mg/1 to 286 
mg/1 and 0 mg/1 to 104 mg/1. 
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The carbonate and bicarbonate contents of water in study 
area are below the permissible limits and are negligible at 
some places, which indicate that waters of study area are not 
contaminated with carbonates and bicarbonates. 
Chloride contents in ground water samples of study area 
in both monsoon periods ranges between 36.92 mg/l to 883.24 
mg/l and 25.56 mg/l and 999.68 mg/l. The highest values of 
chloride were recorded in Jalmahal (999.68 sample no.l and 
24). The chloride content of water is above the permissible 
limits of WHO, Chlorides are mainly associated with sodium 
and potassium salts and gives rise to a salty taste in water. 
The concentration of fluoride in water samples ranges in 
pre and post monsoon period 0.52 ppm to 2.65 ppm and 0.04 
ppm and 1.8 ppm. The natural environmental pollution due to 
fluoride in water is a matter of great concern as it leads to 
serious consequences on human health. The common natural 
sources of fluoride are calcium fluorides, amphiboles, and 
volcanic and fumarolic gases. In the study area main sources 
of fluoride are fluoride salts used in small and large-scale 
industries manufacturing dye and steel goods. Phosphate 
fertilizers often contain fluoride as an impurity and are 
extensively used in the area. The main cause of increase in 
fluoride content of groundwaters is the fertilizers, industrials 
wastes and other soil amendments. 
Highest value (2.65 ppm in pre monsoon water sample 
no.3) of fluorides in water was recorded from Sanganer. The 
surrounding areas also show high values. 
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Fluorides concentrations in 55% to 60% of water samples 
is less than the permissible limits. High fluorides level in 
drinking water gives rise to mottled enamel of the teeth, 
skeletal fluorosis, and sometimes-severe osteosulerosis 
whereas deficiency of fluoride causes over acidification of 
teeth, bones and dental carries. Fluoride reduces solubility of 
enamel in acid and also acts as inhibitor of bacterial enzymes 
producing the acids, which attacks the enamel. Fluorides with 
lower concentrations at an average of 1.0 mg/1 are regarded as 
an essential constituent in drinking water mainly because of its 
role in prevention of dental carries. 
Sodium adsorption ratios of water are plotted on U.S 
salinity diagram, which gives direct indication of salinity and 
alkali hazards. The water samples of the area at some places 
belong to the categories C3S1 C2S1 and C3S2, which falls in the 
zone of good water quality, but of some places it belongs to 
categories of C3S4 and C4S2, which falls within the zone of 
poor water quality classes. The samples collected from 
Heerapura, Brahmpuri, Jalmahal, Jagannathpura, fall in poor 
water quality classes, they have high amounts of nutritional 
hazards to various crops grown within the area. 
The pH values of water samples range in pre monsoon 
periods as 6.53 to 9.0 and 6.53 to 9.05. Maximum pH of water 
was recorded at Bhankrota (9.0 in sample no. 15) and minimum 
(6.53 in sample no. 3 and 26) in Brahmpuri area. 
Relatively high pH value in water samples of the study 
area may be partly due to greater salinity in the host rocks and 
partly to enhanced industrialization. 
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Graphical methods of hydrochemical facies analysis are 
an important task in water investigations and compilation and 
presentations of chemical data in a convenient manner for 
visual interpretation. In general the tables showing results of 
chemical analysis of ground water and surface water may be 
difficult to interpret, particularly where more than a few 
analysis are involved. To overcome this problem, graphic 
representations are useful for display purposes, for comparing 
analysis, and for emphasizing similarities and differences. 
Graphics can also aid in detecting the mixing of water of 
different compositions and in identifying chemical process 
occurring as ground water and surface water moves. A variety 
of graphic techniques have been developed for showing the 
major chemical constituents; some of the more useful graphs, 
which are used in the present study, are first described and 
illustrated in the following paragraphs. 
The vertical bar graphs, widely used in the United States 
for portraying chemical quality, each analysis appears as a 
vertical bar having a height proportional to the total 
concentrations of anions or contains, expressed in milli 
equivalents per litre. The left half of a bar represents cations 
and the right half anions, 
These segments are divided horizontally to show the 
concentrations of major ions or groups of closely related ions 
and identified by distinctive shading patterns. 
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Circular diagram of water quality with special scale for 
the ratio so that the area of a circle is proportional to the total 
ion concentration of analysis sectors within a circle show the 
fractions of the different ions expressed in milli equivalent per 
litre. 
One of the most useful graphs for representing and 
comparing water quality analysis is the trilinear diagram by 
piper (1953). In this diagram cations are expressed as 
percentage of total cations in milli equivalent per litre, plotted 
as a single point on the left triangle; while anions, similarly 
expressed as percentages of total anions, appear as a point in 
the right triangle. These two points are then projected into the 
central diamond shaped area parallel to the upper edges of the 
central area. This single point is thus uniquely related to the 
total ionic distribution; a circle can be drawn at this point with 
its area proportional to the total dissolved solids. The trilinear 
diagram conveniently reveals similarities and differences 
among ground water and surface water samples because those 
with similar qualities will tend to plot together as groups. 
Furthermore, simple mixtures of water derived from this 
source can be identified for example, analysis of any mixture 
of two waters will plot on the straight line AB on the diagram, 
where A and B are the positions of the analysis of the two 
component waters. 
Although these diagrams have generally been used in ground 
water studies, they have also been successfully used in surface 
water studies (e.g. Stamatis). 
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In water samples from the study area, the concentration 
of cations in most of the sample magnesium are higher than 
other constituents, among the anions, the concentration of 
sulphate is higher than other constituents. Though overall 
concentrations of both cations were low. Sulphate content 
among anions was high in all samples. 
The trilinear diagram represents the concentrations as 
percentages. In the triangular field at the lower left, the 
percentage reacting values of the three-cation groups (Ca, Mg, 
Na) are plotted as single point according to conventional 
trilinear co-ordinates. Like wise three anion groups (HCO3, 
SO4, CI) are plotted at the lower right (Fig. 31, 32 and 33). 
The central diamond field is used to show the overall chemical 
character of the ground water by single point plotting, which is 
at intersection of rays projected from the plottings of cations 
and anions. 
Hydro chemical facies diagram presented above are 
useful for visually describing differences in major ion 
chemistry in ground water flow system. In order to present 
water composition in a convenient manner by identifiable 
groups. Back (1996, 1966), Morgan and Winner (1962) have 
developed the concept of hydro chemical facies as distinct 
zones that have cations and anion concentrations describable 
within defined composition categories, Allen and cherry 
(1979). According to Back (1961) the term hydro chemical 
facies is used to describe the bodies of groundwater in an 
aquifer and differ in their chemical composition. The facies 
are a function of lithology, solution kinetics and flow pattern 
of the aquifer (1966). 
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The percent values of cations and anions were plotted on 
trilinear diagram (Fig. 31, 32 and 33) as suggested by Morgan 
and Winner (1962) and Back (1966) in order to designate 
hydro chemical facies of the study area. The plotting of 
analytical results show that no dominate facies among the 
cations was magnesium type, 15 to 20% of the samples were 
found to fall within sodium type and only one sample was 
calcium type. Only 12 samples fall in Na & K type facies. 
Among the anion facies, majority of the samples do not fall in 
sulphate type facies. The water can be characterized as hard. 
The heavy metal contents like Fe, Cu, Zn, Ni, Co, Cr, Pb, 
Mn, Cd and Hg in water samples at different sampling stations 
have been discussed in water quality chapter. The prime 
objectives of the present study is to find out various sources, 
causes and extent of heavy metal pollution in water bodies in 
order to suggest measures to prevent or eliminate the pollution 
hazards and to make the better use of these water bodies for 
animal, human and agricultural purposes in the study region in 
the near future. The study also aims to investigate the impact 
of urban settlements, municipal, industrial and agricultural 
waste and effluents on the concentration of Fe, Cu, Zn, Ni, Co, 
Pb, Mn, Cd, Hg, Cr etc. metals in water. 
The concentration of Fe in groundwater samples in both 
periods ranges as 0.038 ppm to 12.9 ppm and 0.03 ppm to 
12.95 ppm. 
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The overall distribution of iron indicate that they are not 
within the permissible limits due to high industrial activity in 
the study area, only 12 to 16 samples out of 42 samples fall 
under the permissible limits for drinking water supplies. High 
concentration of iron (12.95 ppm in sample no. 13, 12.9 ppm 
in sample no. 41, 12.2 ppm in sample no. 22) has been 
observed in Bindayaka, Civil lines and Govindpura areas. The 
anthropogenic sources of iron of the area include industrial 
effluents connected with manufacturing of ferromanganese 
alloys, steel, paint and pigment industries in these particular 
areas. The corrosion of pipes, pumps and other such structures 
can also increase to some extent the concentration of iron in 
water. Fe is an important and essential element for human and 
exists in the body in the ionic and non-ionic forms. 
The concentration of Cu in water samples in the study 
area varies as 0 ppm to 0.17 ppm and 0 ppm. Overall 
concentration of copper in the study areas is within the 
permissible limits of WHO (1984). Copper is an essential 
metal in human metabolism. Copper is involved in hemoglobin 
synthesis, connective tissues development and normal 
functioning of central nervous system. So the low 
concentrations of copper in the study area are matter of great 
concern. 
Chromium content in ground waters of the study area 
ranges from 0 mg/1 to a maximum 0.082 mg/1. The highest 
value of chromium (0.082 ppm in sample no. 3) was recorded 
at Sanganer during pre-monsoon period while during post 
monsoon period it was absent in the entire samples. 
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Ingesting large amounts of chromium in drinking water 
can cause stomach upsets and ulcers, convulsions, kidney and 
liver damage, and even death. 
Concentration of cobalt in pre and post monsoon period 
in water samples of the study area at various places was 
observed as 0 ppm to 0.069 ppm and 0 ppm. Traces of cobalt 
are necessary as a nutrient in plants and animals. Depleting 
amounts of cobalt in ground water of study area are a matter of 
concern. Less concentration of cobalt can be attributed to 
absence of igneous rocks in study area, as cobalt is quite 
abundant in igneous rocks. 
Nickel contents in groundwater sample of the study area 
in pre and post monsoon periods varies as 0 ppm to 0.018 ppm 
and 0 ppm. Nickel also occurs preferentially in igneous rocks 
in association with other ores so nickel is undetectable or in 
fewer amounts in water samples of the study area. 
Zinc content of waters in study area during pre and post 
monsoon periods varies from zero ppm to 1.1 ppm and 0 ppm 
to 0.49 ppm. Zinc is an essential constituent in drinking water 
for human health. The concentration of zinc in ground water 
samples of study area is below desirable limit prescribed by 
WHO (1984). 
Concentration of cadmium in the study area during pre 
and post monsoon periods varies as 0.001 ppm to 0.008 ppm 
and 0.001 ppm and 0.005 ppm. As per WHO standards, 
permissible limits of cadmium in drinking water is 0.003 ppm 
and at some places of the study area cadmium content is higher 
than permissible limit. Long-term exposure to cadmium in 
water is associated with kidney diseases. 
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Other long term effects are lung damage and fragile 
bones, and may have carcinogenic properties. 50% to 60% of 
the samples show higher values of cadmium. 
In the study area mercury concentrations in pre and post 
monsoon in water samples ranges from 0 ppm 0.44 ppm and 0 
ppm. Concentration of mercury in water samples where ever 
found is much beyond the maximum permissible limit. The 
highest concentrations of mercury (0.44 ppm in sample no. 4 
0.42 ppm in sample no. 3, 0.40 ppm in sample no. 7) were 
recorded in the southern and eastern parts of the area. 
Exposures to high levels of metallic, inorganic, or organic 
mercury can permanently damage the brain, kidneys, and 
developing foetus. Effects on brain funciioning may result in 
irritability, tremors, changes in vision or hearing, and memory 
problems. Industrial effluents seep into the ground water and 
water resources leading to pollution. 
Lead contents in water samples of study area in pre and 
post monsoon period ranges from 0.004 ppm to 0.2 ppm and 0 
ppm to 0.09 ppm. The highest concentration of lead (0.2 ppm 
in sample no. 23) was recorded at Kho Nagoriyan. 
Lead compounds are found in fossil fuels and paints. 
Lead can affect almost every organ and system in human body. 
The most sensitive is the central nervous system particularly in 
children. Lead also damages kidneys and the reproductive 
system. 
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Manganese content of water samples from study area 
during pre and post monsoon period varies as 0.001 ppm to 
0.97 ppm and 0 ppm and 0.092 ppm. Manganese is an essential 
constituent of drinking water in traces upto 0.05 ppm and the 
analysis of water samples from study area show that 
manganese content of water in area is under permissible limits. 
The quality of ground water as a source of potable water, 
throughout the world is substandard. All ground waters contain 
salts carried in solution. The kind and concentration of salts 
depend upon the environment, movement, and source of the 
ground water. Salts are added to ground water passing through 
soils by soluble products of soil weathering and of erosion by 
rainfall and flowing water. The criteria of water quality may 
be defined as the concentration quality, or intensive measure 
that if achieved or maintained, will allow or make possible a 
specific water use (Mc Cutcheon et. al. 1992). It is necessary 
to monitor the quality of water in order to ascertain the 
suitability for certain use. 
The successively increasing chemicals in ground water 
resulting from enhanced discharge of industrial and municipal 
wastewater has become the major problem affecting water 
quality. 
As a result of pollution, there is an increasing need to 
treat water before it is suitable for diverse uses like drinking, 
irrigation, fish farming and recreation to treat wastewater 
before it is discharged back into the water cycle. 
Most cities have areas where the municipal supply runs 
through pipes laid in the British times with "Birmingham 
pipes". They have rusted and have perforations and holes. 
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Three or four lakes/catchments areas feed large populations. 
Such centralization is difficult to monitor, with water losses 
inevitable along the way. The water stored may not be 
adequate, especially if monsoon fail and wells do not 
supplement municipal supply. The water table is receding at a 
greater pace that it is in many parts of the world. So we find 
boreholes that gave water last year may not give water this 
year. 
In the present study area there is no main river so the 
load merely on ground water resources. The water resources in 
the area are limited an extent and load of increasing 
population; industrialization and irrigation are contributing to 
a large extent in the further depletion of the sources, and also 
deteriorating the water quality. The area experience decline in 
water level at the tune of 0.50 meter to 1.19 meter per year and 
water quality analysis presented also shows that ground water 
quality of the area is not suitable for different daily use 
purposes. Based on a detailed study of the area following 
controlling measures can be suggested: -
1. Sock pit system of sanitation must be abandoned as 
leakage from sock pits is a common phenomenon and is 
a major source of pollution. 
2. A proper sewerage system for disposal of waste in the 
area should be planned. 
3. Unlined drains carrying sewerage/effluents should be 
lined urgently. 
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4. Nitrate fertilizers like urea may furnish significant 
quantum of nitrate constituents. Used of these fertilizers 
for gardening, etc. Should be discouraged. 
5. Farm animals produce considerable amount of 
nitrogenous organic waste that tends to concentrate at 
place where large number of animals are confined. It is 
suggested that these dairy farms should be shifted to 
some other places. 
6. Plantation not only balances microenvironment system 
but also is likely to reduce pollution levels. Therefore 
plantation and vegetation should be encouraged. 
7. Artificial recharge schemes can be utilized for 
recharging groundwater as the water levels are declining 
rapidly in the area. 
8. Common people for drinking purposes should mark all 
the ground water abstraction structures including hand 
pumps with high nitrate and fluoride concentration so as 
to avoid their utility. 
9. Urban water suppliers should introduce dual water 
supply bringing fresh water supply schemes to the 
affected areas from other areas for drinking purposes. 
10. High nitrate and fluoride waters of the affected areas 
can be supplied separately for other domestic purposes 
like washing, cleaning, bathing etc. 
11. Alternative sources of fresh drinking water must be 
evaluated where water is free from pollution. 
12. Alternative matter of chemical dye used in dyeing 
industries can be replaced by such dyeing matter, which 
should not contain fluoride. 
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13. Awareness among the public and other NGO's about the 
adverse effects of chemical contaminant should be 
encouraged. 
14. The public should be made aware of the importance of 
hygiene, the dangers of pollution, and benefits of 
environmental preservation. 
15. Available technologies for the treatment of water should 
be evaluated and cost effective and eco-friendly 
technologies adopted. 
Technologies like distillation; filtration and duckweed can be 
utilized for treating water at home. 
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Cl Ca Mg Na K S04 C03 HC03 N03 F 
Sample 5 
Mg Na K S04 C03 HC03 N03 F 
Sample 6 
16 
14 
12 
10 
8 
6 
4 
2 
0 n 
CI Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 65 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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^ ^ ^ ' ' 
^ 
Sample 7 
CI Ca Mg HC03 
Sample 8 
15 
10 
5 
0 , , 
CI 
, , 
Ca Mg Na K S04 C03 HC03 
m 
N03 F 
Sample 9 
n n r-i |—I 
CI Ca Mg Na K S04 C03 HC03 N03 I 
Fig: 66 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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Sample 10 
d Ca Mg Na K 904 C03 HC03 N03 F 
50 
40 • 
30 
20 -
10 
0 
S04 C03 HC03 N03 F 
Sample 12 
CI Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 67 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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sample 13 
50 
40 
30 
20 
10 
0 n 
Cl Ca Mg Na S04 COB HC03 N03 
sample 14 
JZL 
CI Ca Mg Na S04 C03 HC03 N03 
20 
sample 15 
15 
10 -
5 
0 JZL 
Cl Ca Mg Na S04 C03 HC03 N03 
Fig: 68 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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sample 16 
70 
60 
50 
40 
30 
20 
10 
0 —I r-
Cl Ca Mg Na K S04 C03 HC03 N03 F 
sample 17 
80 
60 
40 
20 
0 •] 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
sample 18 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 69 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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25 -r 
20 
15 
10 -
5 -
0 
sample 19 
l~l 
CI Ca Mg Na K S04 COS HC03 N03 F 
20 
15 
10 
5 -I 
0 
sample 20 
_n n 
CI Ca Mg Na K S04 C03 HC03 N03 F 
8 
sample 21 
6 
4 
2 
0 
CI Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 70 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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15 
10 
sample 22 
i-i n 1—1 , n 
Cl Ca Mg Na K S04 C03 HC03 N03 
C! 
sample 23 
Ca Mg Na S04 C03 HC03 N03 
sample 24 
Cl Ca Mg Na K S04 C03 HC03 N03 
Fig: 71 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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sample 25 
25 
20 
15 
10 
5 
-
1—p_l 1—;—1 rn 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
sample 26 
25 
20 
15 
10 -
5 
0 4 JZL 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
sample 27 
20 
15 
10 
5 -1 
0 n i-i 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 72 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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sample 28 
CI Ca Mg Na K S04 C03 HC03 N03 F 
70 
60 
50 
40 
30 
20 
10 
0 
sample 29 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 30 
35 
30 
25 
20 
15 
10 
5 
0 JZI 
CI Ca Mg Na K S04 C03 HC03 N03 
Fig: 73 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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sample 31 
25 
20 
15 
10 
5 -
0 n 1-1 n 
Cl Ca Mg Na K S04 COS HC03 N03 F 
sample 32 
20 
15 
10 
5 
I 0 
Cl Ca Mg Na K S04 COS HC03 N03 F 
12 
10 
8 
6 
4 
2 
0 
sample 33 
Cl Ca Mg Na K S04 COS HC03 N03 F 
Fig: 74 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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sample 34 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 35 
20 
15 
10 
n m , ' , •—• . r n —. 1 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
sample 36 
10 
8 
6 
4 
2 
0 n n 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
Fig; 75 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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8 
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4 
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sample 37 
HL 
25 
20 
15 
10 
5 -
0 
- ) • • r-
Cl Ca Mg Na K S04 C03 HC03 N03 F 
sample 38 
XIL 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
sample 39 
50 
40 
30 
20 
10 
0 XIL 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 76 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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sample 40 
CI Ca Mg Na K S04 COS HC03 N 0 3 F 
sample 41 
CI Ca Mg Na K S04 COS HC03 N 0 3 F 
sample 42 
SO 
25 
20 
15 
10 
5 
0 JZI n JZ] • _ 
Cl Ca Mg Na K S04 COS HC03 N 0 3 F 
Fig: 77 Bar Diagrams Representing Major Ion Composition In Post 
Monsoon 2004 
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Sample 1 
CI Ca Mg Na K S04 C03 HC03 N03 F 
Sample 2 
Mg Na S04 C03 HC03 N03 
Sample 3 
25 
20 
15 
10 
5 H 
0 
CI Ca Mg Na K S04 C03 HC03 N05 
Fig: 78 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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Sample 4 
CI Ca Mg Na S04 C03 HC03 N03 
SanpleS 
C) Ca Mg Na K S04 C03 HC03 N03 
Sanple6 
a d Mg Nb K SCM 0 0 3 H 0 0 3 NO? 
Fig: 79 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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Sample 7 
CI Ca Mg Na K S04 C03 HC03 N03 F 
Sample 8 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 9 
CI Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 80 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 10 
20 
15 
10 H 
5 
0 , , m , r , I—1 rn * T 1 1 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 11 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 12 
1 ^^  
i 30 ^ 
25 
20 
I 
I '^  
10 
5 i 
0 
CI Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 81 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 13 
70 T-
60 
50 
40 
30 
20 
10 
0 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 14 
CI Ca Mg Na K S04 COB HC03 N03 F 
sample 15 
CI Ca Mg Na K S04 COS HC03 N03 F 
Fig: 82 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 16 
20 
15 
10 
5 
1 — 1 1 — 1 r-1 
Cl Ca Mg Na S04 C03 HC03 N03 
CI 
Cl 
sample 17 
Ca Mg Na K S04 COB HC03 N03 
sample 18 
Ca Mg Na K S04 COS HC03 N03 
Fig: 83 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 19 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 20 
20 -
15 
10 
5 -
0 -
CI 
rn , 
Ca Mg Na K S04 
, , 
COS HC03 N03 F 
sample 21 
CI Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 84 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 22 
80 
60 
40 
20 
_ n r-. 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 23 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 24 
CI Ca Mg Na K S04 COS HC03 N03 F 
Fig: 85 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 25 
25 
20 
15 
10 
5 
0 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 26 
50 
40 
30 
20 
10 -I 
0 n 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
15 
10 
5 H 
sample 27 
n 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 86 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 28 
CI Ca Mg Na K S04 COS HC03 N03 F 
sample 29 
CI Ca Mg Na K S04 COS HC03 N 0 3 F 
15 
10 
5 
sample 30 
n , , „ , n n 
Cl Ca Mg Na K S04 COS HC03 N03 F 
Fig: 87 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 31 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 32 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sanple 33 
25 
20 
15 ^ 
10 
5 
0 JZL 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 88 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 34 
25 
20 
15 
10 
5 
-
•—< n 1—1 
Cl Ca Mg Na K S04 C03 HC03 N03 F 
san^le 35 
CI Ca Mg Na K S04 C03 HC03 NOB F 
sample 36 
20 
15 
10 
5 
0 n .—. 1—1 , r n 
CI Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 89 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 37 
sample 38 
CI Ca Mg Na K S04 C03 HC03 N03 F 
sample 39 
20 1 
15 
10 
5 -
n - !—1 
CI Ca Mg Na K S04 C03 HC03 
1—1 
N03 F 
Fig: 90 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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sample 40 
a Ca Mg Na K S04 C03 HC03 N03 F 
sample 41 
CI Ca Mg Na K S04 COB HC03 N03 F 
sample 42 
CI Ca Mg Na K S04 C03 HC03 N03 F 
Fig: 91 Bar Diagrams Representing Major Ion Composition In Pre-
Monsoon 2004 
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Table XXXIH: Annual Rainfall Data (mm) 1975 - 2004 
Year 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
Mean (mm) 
Jaipur R.G. Station 
1091.2 
653.5 
1160.8 
924.8 
545.7 
595.0 
736.3 
620.5 
681.0 
85.0 
689.3 
531.5 
406.9 
410.3 
315.7 
694.5 
561.0 
742.0 
493.0 
713.0 
754.8 
887.0 
715.0 
696.0 
388.1 
708.6 
1017.7 
330.6 
982.8 
564.5 
653.2 
Sanganer 
R.G. Station 
888.9 
528.0 
848.1 
638.5 
239.5 
206.0 
1101.9 
213.4 
877.2 
330.0 
369.8 
467.4 
410.0 
516.8 
561.8 
666.1 
611.7 
724.0 
489.6 
569.8 
604.3 
706.5 
808.0 
619.0 
438.2 
639.6 
970.8 
409.7 
754.4 
578.2 
593.8 
Amer R.G 
Station 
985.5 
614.0 
1086.0 
946.0 
434.0 
458.2 
905.9 
681.5 
878.8 
495.5 
806.8 
554.3 
307.2 
548.0 
679.5 
728.0 
557.0 
929.0 
954.0 
773.0 
1008.0 
916.4 
766.2 
722.0 
454.6 
651.0 
802.5 
386.0 
674.4 
671.3 
712.5 
339 
Table-XXXrV: Litho logical logs 
Site: Harmada Tubewell 
Sample 
1. 
1. 
2. 
3. 
4. 
5 
6. 
7. 
8. 
9. 
Lithology 
2 
Silty sandy loam; brown, 
Nonsticky, sand, fine grained. 
Siltv loam with kankar; brown, 
Slightly sticky, nonplastic, 
Kankar are white to grayish 
Black, medium to coarse 
grained, 
Reacts to HCL, 
Kankar : white to greyish 
black, 
Angular to subangular cuttings, 
Coarse grained, few nodular 
Like rounded kankars, reacts to 
HCL 
Silt: Brown, nonsticky, non-
Plastic. 
Silt with little Kankar : 
Brown, nonsticky, non plastic. 
Silt and kankar : kankar 
Increasing with depth. Silt 
brown, non-sticky, non-plastic. 
Clayey silt with kankars : 
Greyish brown, slightly sticky, 
non-plastic. Kankars grayish 
black 
to off-white and light pink in 
Depth Range (metres) 
3 
0-3.0 
3-6.56 
6.56-9.56 
9.56-15.64 
15.64-18.72 
18.72-21.72 
21.72-27.80 
Thickness (m) 
4 
3.0 
3.56 
3.00 
6.08 
3.08 
3.00 
6.08 
340 
10. 
11. 
12. 
13 
14. 
15. 
16. 
17. 
colour, angular to subangular, 
few quartz grains are also seen 
pink in colour with ferruginous 
coating 
Silty clay with kankarsi 
Dark brown colour, highly 
Sticky, plastic, clay content 
Increasing with depth, kankar 
decreasing with depth. 
Clayey silt with kankars: 
Grayish brown, slightly sticky, 
slightly plastic. Kankars off 
white to grayish black, 
subangular to angular. 
Silty sand: Light brown, 
Sandy material consisting of 
light pink quartz grains along 
with considerable amount of 
milky white quartz grains. 
Clayey silt with sand: 
Yellowish brown, slightly 
sticky, non-plastic, sandy 
material fme to medium, 
consisting of quartz. 
Silty clay with sandy material^  
Brown sticky, slightly plastic, 
sandy material consisting of 
quartz, yellowish to light pink 
mixed with cuttings of quartz 
mica schist and few kankars. 
Sandy material: Consisting of 
27.80-33.88 
33.88-39.96 
39.96-43.04 
43.04-46.04 
46.04-49.12 
49.12-52.12 
6.08 
6.08 
3.08 
3.00 
3.08 
3.00 
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18. 
19. 
light pink-milky white, 
transparent variety of quartz 
grains; medium to coarse in 
size mixed with few cuttings of 
quartz mica schist. 
Sandy material consisting of 
light pink to light yellow quartz 
grains and cuttings of fresh 
quartz mica schist. 
Quartz mica schist: Quartz 
mica less in quantity. 
52.12-55.20 
55.20-55.55 
3.08 
0.35 
Site: 
Sample 
1. 
1. 
2. 
3. 
4. 
5 
6. 
7. 
Exploratory well at Harmara. 
Lithology 
2 
Top soil sand brown colour 
medium to coarse grained with 
fragments of highly weathered 
quartzite 
Quartzite grey colour highly 
Weathered and fractured. 
Quartzite yellowish brown 
colour weathered 
Quartzite grey partially 
weathered and fractured. 
Quartzite grey & lightly 
fractured. 
Quartzite white to buff colour 
massive 
Biotite schist massive. 
Depth Range (metres) 
3 
0.00-2.60 
2.60-8.00 
8.00-12.00 
12.00-15.50 
15.50-21.50 
21.50-24.50 
24.50-27.50 
Thickness (m) 
4 
2.60 
6.40 
4.00 
3.50 
6.00 
3.00 
3.00 
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8. 
9. 
10. 
11. 
12. 
13 
14. 
15. 
16. 
17. 
18. 
19. 
Quartzite grey to dirty yellow 
massive. 
Quartzite grey massive with a 
little biotite schist 
Quartzite grey massive with 
biotite schist massive 
Quartzite grey slightly 
fractured at places (massive in 
depth range 59.60-62.60 mbgl). 
Quartzite light blue massive 
(slightly fractured in 81.00-
84.00 mbgl depth and with 
biotite schist slightly fractured 
)• 
Quartzite white colour slightly 
fractured. 
Quartzite white to grey and 
light bluish massive. 
Quartzite light grey to blue 
colour massive with biotite 
schist massive. 
Biotite schist massive. 
Quartzite white fogy and blue 
massive. 
Quartzite grey to bluish slightly 
fractured at places. 
Quartzite grey massive. 
27.50-40.00 
40.00-44.50 
44.50-53.50 
53.50-68.80 
68.80-90.00 
90.00-93.20 
93.20-102.50 
102.30-120.00 
120.00-130.00 
130.00-142.00 
142.00-145.00 
145.00-169.40 
12.50 
4.50 
9.00 
15.30 
21.20 
3.20 
9.10 
17.70 
10.00 
12.00 
3.00 
24.40 
Site: Sanganer Tubewell 
Sample 
T 
Lithology Depth Range (metres) Thickness (m) 
343 
1. 
2. 
3. 
4. 
5 
6. 
7. 
8. 
9. 
10. 
11. 
Surface soil - Fine to medium 
sand and kankar. Sand, grayish 
brown, mixed with fine kankar. 
Sand with kankar : Sand fine to 
medium, dark grayish brown 
with kankar of fine to medium 
size. 
Silty clay with little kankar : 
Silty clay, dark grey, sticky 
with few fine kankar. 
-do- with more of silt. 
Sand : Fine grained, light 
brown with very few kankars. 
Sand with gravels: Sand fine to 
medium light brown with dirty 
white to black kankar, gravel 
and few fine kanakrs. 
Clayey sand with silt and 
kankar: Clayey sand, grayish 
brown, sticky alongwith fine 
kankars. 
-do- kankar gravel: Clayey 
sand, sticky, making lumps, 
sark, along with fme to medium 
kankar and gravel. 
Silty sand with little clay and 
kankar: Dark grey, sticks-, with 
little clay and kankar. 
Silty sand and kankar: Dark 
grey, sticky with kankar. 
Sand with karkars: Sand fme to 
0.00-3.0 
3.00-6.56 
6.56-9.56 
9.56-12.64 
12.64-15.64 
15.64-1872 
18.72-21.72 
21.72-24.80 
24.80-27.80 
27.80-30.88 
30.88-33.88 
3.0 
3.56 
3.00 
3.08 
3.00 
3.08 
3.00 
3.08 
3.00 
3.08 
3.00 
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12. 
13 
14. 
15. 
16. 
17. 
18. 
19. 
20 
medium grained, brown with 
fine to medium kankars. 
Silty clay with sand and 
kankars: Silty clay, grayish 
brown, sticky with little sand. 
And few kankers. 
Silty clay with kankar: Silty 
clay, grayish brown, sticky 
with few kankars. 
Silty clay and kankarsi 
Silty clay, grayish brown, 
sticky with medium to coarse 
kankars. 
Silty clay and kankar: Silty 
clay, grayish brown, mixed 
with fine to medium kankars. 
Sand clay and kankar: Sandy 
clay, light grayish brown, with 
fine kankars. 
Fine sand and kankar: 
Weathered granite gneiss; Fine 
sand with predominantly 
kankars along with quartz and 
few pieces of weathered rock. 
Weathered granite-gneisses: 
Comprising of quartz, feldspar, 
mica with ferromagnesium 
material and chips of weathered 
rock. 
Granitic - Gneiss: Comprising 
of quartz, feldspar and plenty 
33.88-36.96 
36-96-39.96 
39.96-49.12 
49.12-52.12 
52.12-55.20 
55.20-58.20 
58.20-61.28 
61.28-65.30 
3.08 
3.00 
9.16 
3.00 
3.08 
3.00 
3.08 
4.02 
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of mica with crushed material. 
Site : Observation well at Mohana 
Sample 
1. 
3,4,5 
6,7 
8,9 
10,11 
12tol4 
Lithology 
2 
Silty clay with kankar and 
gravel, silty clay is light brown 
earthy. Gravel is calcareous in 
nature and is sub rounded to 
rounded, size is fine to 
medium. 
Silty clay, light brown to 
earthy, gravel of kankar, sub 
rounded to rounded gravel 
increases with depth. 
Silty clay, brown, earthy, 
gravel of kankar subrounded to 
rounded, fine to medium, 
percentage of silt increases 
with depth. 
Clay, brown, sticky, forming 
lumps with kankar and medium 
to coarse gravel of calcareous 
nature, subrounded to rounded. 
Silty clay, brown, earthy with 
kankar and fine to medium. 
Gravel subrounded to rounded, 
gravels calcareous but a little 
addition of ferromagnesium 
3 
6.72-15.88 
15.88-21.96 
21.96-28.04 
28.04-43.10 
34.10-43.10 
9.16 
6.08 
6.08 
14.96 
8.98 
4 
120 
30 
30 
50 
50 
346 
15,16 
17 
18,19 
20 
21 
22 
gravel was also observed. 
Gravel subrounded to rounded, 
an admixture of calcareous and 
ferromagnesium material, 
medium grained v/ith silty clay. 
Highly weathered granite with 
clay, material consists of fme, 
subroimded to sub-angular 
quartz grains, occasional mica 
flakes, angular to subangular 
granitic chips of coarse 
material in the sample are 
present. 
Semi-weathered granite -
angular chips of granitic 
material with subrounded 
quartz grains, occasional fresh 
feldspar were also noticed. 
Deep yellow clay with 
weathered granitic material, 
material comprising mica 
flakes and weathered feldspar 
Weathered granite, fresh 
feldspar chips (angular to 
subangular) with angular quartz 
chips and subroimded (fme) 
quartz with mica flakes in 
matrix. Inter woven fresh chips 
(angular) of quarts and feldspar 
was also noticed. 
Fresh pieces of granite, 
43.10-4928 
49.28-52.36 
52.36-58.44 
58.44-61.44 
61.44-65.60 
65.60-65.68 
6.18 
3.08 
6.08 
3.00 
4.16 
0.08 
35 
50 
80 
30 
90 
200 
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feldspar and quartz angular in 
nature with quartz (crushed) 
and mica in matrix. 
Site ; 
Sample 
1. 
1. 
2. 
3. 
4. 
5 
6. 
7. 
Sanganer. 
Lithology 
2 
Surface soil - Fine to medium 
sand and kankar. Sand, grayish 
brown, mixed with fine kankar. 
Sand with kankar: Sand fine to 
medium, dark grayish brown 
with kankar of fine to medium 
size. 
Silty clay with little kankar; 
Silty clay, dark grey, sticky 
with few fine kankar. 
-do- with more of silt. 
Sand: Fine grained, light brown 
with very few kankars. 
Sand with gravels: Sand fine to 
medium light brown with dirty 
white to black kankar, gravel 
and few fine kanakrs. 
Clayey sand with silt and 
kankar: Clayey sand, grayish 
brown, sticky alongwith fine 
kankars. 
Depth Range (metres) 
3 
0.00-3.0 
3.00-6.56 
6.56-9.56 
9.56-12.64 
12.64-15.64 
15.64-1872 
18.72-21.72 
Thickness (m) 
4 
3.0 
3.56 
3.00 
3.08 
3.00 
3.08 
3.00 
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8. 
9. 
10. 
11. 
-do- kankar gravel: Clayey 
sand, sticky, making lumps, 
sark, along with fine, to 
medium kankar and gravel. 
Silty sand with little clay and 
kankar: Dark grey, sticky, vdth 
little clay and kankar. 
Silty sand and kankar: Dark 
grey, sticky with kankar. 
Sand with karkars: Sand fine to 
medium grained, brown with 
fine to medium kankars. 
Surface soil,_silty sand, and fin 
grained, vellowish brown color. 
Silty sand and kankar 
And fine grained, grayish 
brown color, kankars dirty 
unite, subrounded to 
subangular, 1mm to 2 mm in 
size. 
Sand with kankar,_Sand fine 
grained, grayish brown in 
color, kankar dirty white color, 
2-3 mm in size, quantity of 
kankar decreases with depth. 
Sandy clay with little kankar 
Light brown color, sand fine 
grained. Kankars off white 
color, and constitutes about. 
Silty clay with little 
Kankar-Dark brown color, 
— • . 
21.72-24.80 
24.80-27.80 
27.80-30.88 
30.88-33.88 
0-3.50 
3.50-6.50 
6.50-14.75 
14.75-17.83 
17.83-23.91 
3.08 
3.00 
3.08 
3.00 
3.50 
3.00 
8.25 
3.08 
6.08 
349 
kankar of small size constitute 
out 10% 
Sayey sand and kankar: 
And fine grained light to 
kankar brown. Kankars 
brownish back in color and 
constitute has significant part 
of the sample kankars 
decreases with depth. 
Silty clay with little kankar: 
Buff to reddish brown color, 
sticky, kankar is of small size 
and constitutes about 5% of the 
sample. 
Silty clay with little kankar: 
Dark brown, lumpy, sticky, 
kankars 0.5 mm to 2 mm in 
size. 
-do- with slightly more of 
kankars. Kankar gravelly of 
about 1mm to 2mm size. 
Same as sample of above 
Sandy clay with very little 
kankar, light 
23.91-36.07 
33.07-51.23 
51.23-60.39 
60.39-63.39 
63.39-69.47 
69.47-78.63 
12.16 
15.16 
9.16 
3.00 
6.08 
9.16 
Site: Deposit well Jyoti Nagar 
Sample 
1. 
1. 
Lithology 
2 
Silty sand:_ Sand, fme grained, 
light brown in colour 
associated with silt. 
Depth Range (metres) 
3 
0.00-6.1 
Thickness (m) 
4 
6.1 
350 
2. 
3. 
4. 
5 
6. 
7. 
8. 
9. 
Silt & clayi Light grayish 
brown, non-sticky, less plastic 
clay associated with silt & fine 
kankar (l-3mm in size), 
subangular to rounded. 
Silty sand: Light grayish brown 
silt associated with some fine 
grained sand. 
Sand with graveh Grayish 
brown fine grained sand with 
gravel of kankar (l-3mm in 
size & about 80% in volume ) 
subangular to subrounded. 
Sand with graveh Light brown, 
fine grained sand with gravel of 
kankar (about 50% in volume). 
Sand: Sand, grayish brown, 
fine t medium grained with 
some silt. 
Silty sandi Grayish brown, fine 
grained sand associated with 
some silt. 
Sand: Light brown, fine to 
medium grained sand. 
Sand with graved sand, grayish 
brown, fme to medium grained, 
associated with gravel 
comprising fine to medium, off 
white to light brown, 
subangular to subrounded 
kankar. 
6.1-9.6 
9.6-15.6 
15.6-18.73 
18.73-21.73 
21.73-24.83 
24.83-37.13 
37.13-43.25 
43.25-61.55 
3.5 
6.0 
3.13 
3.0 
3.10 
12.30 
6.12 
18.30 
351 
10. 
11. 
Silty clayi Clay, light pinkish 
brown, sticky & plastic 
associated with some fine 
grained sand and silt. 
Clay with gravel: Clay, light 
brownish slightly sticky, non 
plastic associated with gravel 
comprising of kankar, fine to 
medium in size. Percentage of 
kakar decrease with depth. 
From 70m onwards some 
pieces of quartzite also 
appeared. 
Quartzite and quartzi Crushed 
pieces of quartzites, quartz and 
kankar. Quartzite pieces are 
pinkish brown to light grey, 
weathered & brittle. Quartz 
pieces are light pink to milky 
white in colour, sharp angular 
to subangular and kankar 
pieces are pinkish brown & 
subrounded. 
61.55-64.55 
64.55-70.65 
70.65-72.80 
3.0 
6.10 
2.15 
Site : Piezometer at Jhotwara 
Sample 
1. 
1. 
2. 
Lithology 
2 
Top soil - Silty, pale to 
yellowish brown. 
Silty clay - Greyish brown, 
non-sticky and non-plastic. 
Depth Range (metres ) 
3 
00.0-7.00 
7.00-10.00 
Thickness (m) 
4 
7.08 
3.08 
352 
3. 
4. 
5 
6. 
7. 
8. 
9. 
10. 
11. 
Silty clay - Greyish brown, 
mixed with kankar. 
Silt - Greyish brown mixed 
with fme sand and minor 
kankar. Kankar increase with 
depth. 
Silty clay- Greyish brown with 
kankars. 
Silty clay - Greyish brown. 
Silty clay - Greyish to reddish 
brown, clay sticky, 
Silty clay - Reddish brown 
mixed with kankars. 
Silty clay - Greyish brown. 
Silt - Brown with fine sand and 
little clay. 
Silt - Pale brownish with minor 
fine sand. 
Silt - Pale to grayish brown 
with fine sand and some biotite 
flakes. 
Clay - Greyish to reddish 
brown, sticky. 
Silt clay - grayish brown, 
sticky. 
Clay - Greyish brown, sticky. 
Grained - Fragments of 
transparent to white quartzite, 
weathered feldspar & some 
mica 
10.08-17.16 
17.16-25.24 
26.24-22.12 
32.32-30.40 
38.40-41.40 
41.40-47.56 
47.56-50.56 
50.56-53.64 
53.64-52.72 
59.72-62.72 
62.72-74.88 
74.88-80.86 
80.86-04.04 
84.04-85.04 
7.08 
9.08 
6.08 
6.08 
3.08 
6.08 
3.08 
3.00 
6.08 
3.08 
12.16 
6.08 
3.08 
1.00 
i 
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Site: 
Sample 
1. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10,11 
Nangal Jaisanbohran Tube Well 
Lithology 
2 
Surface soil: Sandy loam, 
yellowish brown, sand, fine 
grained. 
Sandy clay with kankar: Light 
brown, sand, fine grained. 
Kankar off white in colour with 
ferruginous coating. 
Sand with kankar: Light brown, 
sand, fine grained. Kankar off 
white to brown. 
Sand: Light brown, fine 
grained. 
Sand with kankar: Ligt brown, 
sand, fine grained, kankar off 
white to brown. 
Clay with kankar: light brown, 
sticky, plastic kankars off 
white, decreasing with depth. 
Clay with little kankar: Clay 
buff coloured, sticky plastic. 
Silty clay with little sand and 
kankar: Clay buff coloured, 
lumpy sticky, plastic, sand fine 
grained. 
Sand with little kankar: Light 
brown, sand fine grained. 
Silty clay with little kankar: 
Light brown, sticky, plastic. 
3 
0-3.00 
3.0-5.57 
5.57-8.57 
8.57-11.75 
11.75-14.75 
14.75-17.83 
17.83-20.83 
20.88-23.91 
23.91-26.91 
26.91-32.99 
3.0 
2.57 
3.00 
3.18 
3.00 
3.08 
3.00 
3.08 
3.00 
6.08 
4 
25 
73 
110 
90 
80 
125 
120 
125 
75 
80 
354 
12 
13 
14 
15 
16 
17to22 
23to25 
26 
Clayey silt with sand: Light 
brown, slightly sticky, sand 
very fine grained. 
Clayey sand: Yellowish brown, 
sticky, plastic, few cuttings of 
quartzite also. 
Sandy clay with silt: Buff 
colour, slightly sticky. Sand 
fine grained with few cuttings 
of quartzite. 
Clay sih with sand and kankar: 
Buff colour, slightly sticky. 
Sand very fine grained. Kankar 
off white to buff colour. 
Sandy clay: Clay, buff 
coloured, sticky, sand found in 
last 0.75 m. the sample. 
Medium to coarse grained with 
few cuttings of quartzite. 
Clay: Buff colour, lumpy, 
sticky, plastic mixed with a few 
cuttings of quartzite and kankar 
having ferruginous coating. 
Sand: Very coarse to coarse 
grained, consisting milky white 
and rosy quartz, feldspar, 
biotite mica and a few quartzite 
chips. 
Weathered quartz, mica schist 
with sandy material. Sand, 
coarse grained. 
32.99-36.07 
36.07-39.07 
39.07-42.15 
42.15-45.15 
45.15-48.23 
48.23-66.47 
66.47-75.55 
75.55-77.40 
3.08 
3.00 
3.08 
3.00 
3.08 
18.24 
9.08 
1.85 
75 
35 
80 
85 
135 
528 
400 
155 
355 
Quartz mica schist consisting 
of milky white to rosy quartz 
and biotite mica. 
27 77.40-77.51 0.11 520 
Site: 
Sample 
1. 
1. 
2. 
3. 
4,5,6 
7 
8,9 
Observation well at Bajaj Nagar 
Lithology 
2 
Soil: Silty and brown, sand fine 
grained mixed with fine 
kankar. 
Fine sand: Greyish brown, fine 
grained with fine kankar. 
Silty clay: Brownish black, 
sticky, less plastic with kankar, 
kankar medium to coarse 
grained, subangular to rounded. 
Sand with gravel: Sand, grayish 
brown fine grained, gravels of 
kankar fine to medium, 
subangular to rounded, reacts 
to HCl. 
Clayey sih: Greyish brown, 
sticky, plastic, forms lumps 
with occasional kankar, kankar 
medium to coarse grained. 
Sand with gravel: Sand, brick 
red colour, fme grained. 
Gravels comprising kankar, 
medium to coarse grained pink 
colour, subrounded to angular, 
reacts to HCl. Quantity of 
Depth Range (metres) 
3 
0-3.0 
3.0-6.0 
6.0-9.0 
9.0-18.0 
18.0-21.0 
21.0-27.0 
Thickness (m) 
4 
3.0 
3.0 
3.0 
9.0 
3.0 
6.0 
356 
10,11 
12 
13,14 
15 
16,17 
18 
19 
20to23 
gravel increasing with depth. 
Sand with gravel: Sand 
yellowish brown, medium to 
coarse grained, gravels of 
kankar grayish to pink, 
subrouneded to angular, reacts 
to HCl. 
Sand: Yellowish brown, fine 
grained. 
Clay with gravel: Clay, brick 
red colour, sticky, plastic forms 
lumps with occasional gravel of 
kankar, calc concretion is also 
seem. 
Clay with gravel: Clay brown, 
sticky plastic, forms lumps 
with occasional gravels of 
kankar, kankar grayish, 
medium to coarse grained. 
Silty clay: Brown, slightly 
sticky, slightly plastic. 
Clay: Brick red colour, slightly 
sticky, slightly plastic, forms 
lumps, with very occasional 
gravels of kankar. 
Sand with kankar: Sand fine 
grained, yellowish brown, 
kankar gravelly, grayish white, 
medium to coarse grained, 
subrouneded to angular, 
Clayey silt with gravels: 
27.0-33.0 
33.0-36.0 
36.0-42.0 
42.0-45.0 
45.0-51.0 
51.0-54.0 
54.0-57.0 
57.0-69.0 
6.0 
3.0 
6.0 
3.0 
6.0 
3.0 
3.0 
12.0 
357 
24 
25to28 
29 
Clayey silt brown, slightly 
sticky, non-plastic, gravels 
occasional of kankar, grayish 
white to brown, medium to 
coarse grained, subrounded to 
angular. 
Silty clay: Silty clay, brown, 
sticky, plastic with occasional 
gravels of kankar. 
Clay with gravels: clay brown, 
plastic sticky, gravels 
comprises of quartz and 
kankar; Quartz colourless, 
transparent to pink, kankar grey 
to pink in colour, sand is seen 
between 78 to 81 m for about 
0.05 metres. 
Boulders: Crushed pieces of 
quartz, kankar and basic rock. 
Quartz pink to milky white, 
cuttings sharp angular to sub-
angular, kankar subrounded, 
basic rock powdery, subangular 
to subrounded cuttings, slightly 
weathered. 
69.0-72.0 
72.0-82.61 
82.61-83.60 
3.0 
10.61 
0.99 
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